(19) 




(12) 



EuropMisches Patentamt 
European Patent Office 
Office europeen des brevets 




EP1 347 315 A1 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 


(51) IntCI. 7 : G02B 6/00 


24.09.2003 Bulletin 2003/39 


(21) Application number: 01272691.1 


(86) International application number: 


PCT/JP01/11513 


(22) Date of filing: 27.12.2001 


(87) International publication number: 




WO 02/054119 (11.07.2002 Gazette 2002/28) 


(84) Designated Contracting States: 


• KOBAYASHI, Takeshi, 


DE FR GB 


c/o FUJI ELECTRIC CO., LTD. 




Kawasakl-shl, Kanagawa 210-0856 (JP) 


(30) Priority: 28.12.2000 JP 2000402128 


• FURUKAWA, Masaharu, 


21.05.2001 JP 2001151104 


c/o FUJI ELECTRIC CO., LTD. 


20.09.2001 JP 2001286059 


Kawasaki-shl, Kanagawa 210-0856 (JP) 




• SAITO, Tetsuya, c/o FUJI ELECTRIC CO., LTD. 


(71) Applicant: FUJI ELECTRIC CO., LTD. 


Kawasakl-shi, Kanagawa 210-0856 (JP) 


Kawasaki-shl, Kanagawa 210-0856 (JP) 


• YOKOMORI, Noriharu, 




c/o FUJI ELECTRIC CO., LTD. 


(72) Inventors: 


Kawasakl-shi, Kanagawa 210-0856 (JP) 


• TANAKA, Hideyukl, 


• SUZUKI, Yoshiyukl, 


c/o FUJI ELECTRIC CO., LTD. 


c/o FUJI ELECTRIC CO., LTD. 


Kawasakl-shi, Kanagawa 210-0856 (JP) 


Kawasakl-shl, Kanagawa 210-0856 (JP) 


• KAN NO, Toshlyukl, 




C/O FUJI ELECTRIC CO., LTD. 


(74) Representative: Lucas, Brian Ronald et al 


Kawasaki-shl, Kanagawa 210-0856 (JP) 


Lucas & Co. 




135 West hall Road 




Warlingham, Surrey CR6 9HJ (GB) 



1 



(54) LIGHT GUIDING PLATE AND LIQUID CRYSTAL DISPLAY DEVICE WITH THE LIGHT GUIDING 
PLATE 
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(57) A light guiding plate capable of extracting the 
polarized component of light that was not utilized effec- 
tively, reducing the number of parts such as light emit- 
ting elements, and reducing a power consumption and 
a liquid crystal display device having the light guiding 
plate; the light guiding plate (1), comprising a light guid- 
ing means (40) for guiding the light incident from a light 
source (2), a polarizing and splitting means (10) allowing 
the outgoing of only the polarization in one direction, a 
reflection means (30) for reflecting the light, anda light 
converting means (20) disposed between the polarizing 
and splitting means (10) and the reflection means (30) 
and converting the polarization direction of the light 
transmitted therethrough. 
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Description 
Technical Field 

[0001] The present invention relates to a light guiding plate emitting polarized light in a predetermined direction such 
as the light for lighting of a liquid crystal panel and a liquid crystal display device using this guiding plate. 

Background Art 

[0002] In a liquid crystal display device using a liquid crystal panel 5' used in the display device of a data terminal, 
etc., the liquid crystal panel 5\ is used, for example, together with the lighting device 6' shown in Fig. 65 since it itself 
does not emit light. The lighting device 6* shown in Fig. 65 comprises a light source 2', such as a cold cathode tube, 
a light guiding means 40' made of a transparent material and a reflection means 30' (30a 1 and 30b'). 
[0003] Light 3a* emitted from the light source 2' enters the light guiding means 40', advances through the light guiding 
means while being repeatedly reflected on the reflection means 30' and is emitted in the direction of the liquid crystal 
panel 5\ in this case, in order to uniformly light the liquid crystal panel 5', the light guiding means 40' is sometimes 
structured in such a way as to diffuse light or provide light with directivity, which is described in detail later. 
[0004] In the liquid crystal panel 5', a liquid crystal plate 52' is held by polarization plates 51 ' and 53V If linear polarized 
light having a prescribed direction is inputted in a part 52a' where a display signal is added (hereinafter called "a display 
part 52a'), which is not shown in Fig. 65, the liquid crystal plate 52* lets the light transmit it. If the light is inputted in a 
part 52b' where there is no display signal (hereinafter called M a transmission part 52b'), the liquid crystal plate 52' turns 
its polarization direction by 90 degrees and emits it. Such a function is put in practical use in a twist-nematic type liquid 
crystal panel. In an actual twist-nematic type liquid crystal panel 5', the direction of linear polarized light that transmits 
the polarization plate 51' and that of linearly polarized light that transmits the uncontrolled liquid crystal plate 52' are 
the same, and the direction of polarized light that transmits the polarization plate 53' and that of polarized light that 
transmits the polarization plate 5V are orthogonal to each other. 

[0005] If in such a structure, light Is emitted from the lighting device 6', only components that are perpendicular to 
the paper surface that transmit the polarization plate 51 ' of the polarized components (31 d through 34d) of the unpo- 
larized light (31 j through 34j) that is inputted from the lighting device 6* to the polarization plate 51\ transmit the polar- 
ization plate 51 1 due to the polarization splitting function of the polarization plate 51' of the liquid crystal panel 5\ 
[0006] If linear polarized light 31 d through 34d having a prescribed direction is inputted in the part 52a' displaying 
graphics, characters, etc. and the transmission part 52b' generating the entire backlight of the liquid crystal plate 52', 
31 e and 32e transmit the display part 52a' without changing its polarization direction, and 33e and 24e transmit the 
transmission part 52b* after their polarization directions are turned by 90°. 

[0007] Therefore, as a whole, in an uncontrolled display part (transmission part 52b'), polarized light for lighting that 
transmits the polarization plate 5V (linear polarized light 33f and 34f) transmits the liquid crystal panel 5', lights up the 
entire surface of the. liquid crystal panel 5' and applies voltage only to a part displaying graphics, characters, etc., 
(display part 52a'). In a graphic/character pattern part (display part 52a'), light orthogonal to the polarization plate 53' 
transmits the liquid crystal panel 5'. However, since the polarization plate 53' absorbs the light, the part is displayed in 
black. 

[0008] Thus, the polarization plate 51 ' absorbs light other than transmitted light 31 d through 34d of light (31 j through 
34j) inputted from the lighting device (polarized components marked with a bi-directional arrow in parallel to the paper 
surface), that is, more than half of the total quality of light. 

[0009] Next, examples of conventional liquid crystal display devices/lighting devices disclosed are described. 
[0010] Fig. 66 shows the liquid crystal display device disclosed in a series of Japanese patents; Japanese Patent 
No. 2813131 "Backlight Guiding Plate using Diffractive Grating", Japanese Patent No. 2865618 "Light Guiding Plate 
and Light Guiding Plate Assembly" and Japanese Patent No. 2986773 "Light Guiding Plate for Point Light Source". 
The device aims at high and uniform luminance. 

[0011] In Fig. 66, light inputted to a backlight guiding plate 71 from the light source 2' is diffracted by a diffractive 
grating, and light for lighting is generated through a diffusion plate 75 and a condensing prism sheet 76 as the backlight 
of the liquid crystal panel 5'. In this case, the diffractive grating 72 generates the light in periods of sub-micron to several 
tens of microns, and the light uniformly lights up the surface of the backlight guiding plate 71 . The diffusion plate 75 
can also solve chromatic aberration. 

[0012] The diffractive grating 72 described in these examples is used to reflect/polarize light inputted to a light guiding 
plate from a light source in the direction of a liquid crystal panel. The Japanese patents disclose that the diffractive 
grating 72 is formed by repeating a single form, such as a sine wave, a sawtooth (blaze), rectangle, etc. 
[0013] Fig. 67 shows the lighting device comprising a set of two light sources 2' set in a casing, a reflection plate 
77a disposed facing space formed between the light sources 2' and the diffusion plate 78, which is disclosed in Jap- 
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anese Patent Laid-open No. 5-142536 "Lighting Device". Furthermore, in the lighting device, the distance from the 
reflection plate 77a of space formed between the reflection plate 77a and the diffraction plate 78 decreases as the 
space gets away from the light source 2\ The lighting device is further provided with a light adjustment plate 79 having 
many holes 80, whose diameter increases as the hole gets away from the light source 2\ 

[0014] Thus, a reflection surface and a diffraction surface are formed by the reflection plate 77a and the diffraction 
plate 78, respectively. The light adjustment plate 79 plays both roles of reflecting/diffracting light in the casing 77. By 
adjusting the diameter and distribution density of the holes 80, the weight of a lighting device can be reduced and light 
can be uniformly and efficiently distributed. 

[0015] Fig. 68 shows the light guiding plate for lighting disclosed in Japanese Patent Laid-open No. 8-286043 "Light 
Guiding Plate of Liquid Crystal Display Device and Manufacturing Method thereof". In the light guiding plate, a light 
diffraction film 82 is formed all over the bottom surface of a transmissive light guiding plate 81 , and a prism shape is 
formed on the other surface of the transmissive light guiding plate 81 . Thus, light can be uniformly applied to a liquid 
crystal display device, the conventional dot pattern print on the bottom surface of the transmissive light guiding plate 
81 can be eliminated, the troublesome backlight formation due to the installation of the diffraction plate 77 and the 
condensing prism sheet for 76 in order to hide this dot pattern that is described in Fig. 66, can be removed, and light 
using efficiency can be improved thanks to the installation of the diffraction plate 75. 

[0016] Fig. 69 shows the backlight lighting device disclosed in Japanese Patent Laid-open No. 9-306221 "Backlight 
Lighting Device". In the backlight lighting device, a line of reflection cut 87a along the axis of the light source 2'is formed 
for a reflection process 87 to be performed on the back surface 86a of a light guiding plate 86. An uneven surface 88a 
is formed in parallel to the axis of the light source 2* on the lighting side of a diffraction plate 88. Thus, light can be 
almost all reflected on the back surface 86a of the light guiding plate 86 by total reflection. Even if reflection cut 87a 
with high reflection efficiency is applied, diffraction effect greater than that of the conventional diffraction plate can be 
obtained using the uneven surface 88a formed on the diffraction plate 88. Accordingly, uneven luminance can be 
prevented and luminance can be improved. 

[0017] Fig. 70 shows the backlight guiding plate disclosed In Japanese Patent Laid-open No. 5-196820 "Backlight 
Guiding Plate". A light guiding plate 89 leading light to the back surface of the liquid crystal panel 5' is provided. A tube 
type light source 2' is further provided for one side or either ends on both sides of the light guiding plate. Thus, a very 
small reflection surface 89a reflecting light inputted to the back surface of this light guiding plate 89 from the sides to 
the front surface is formed. Furthermore, by providing a light source fixing position determining structure comprising 
of an adhesive tape 91 and a V-shaped positioning nail 93, a compact and bright screen can be realized, and backlight 
whose consumption power is low can be formed. 

[0018] Fig. 71 shows the liquid crystal display device disclosed in Japanese Patent Laid-open No. 11-281978 "Back- 
light Manufacturing Method and Liquid Crystal Display Device". A diffusion plate 95e, a light guiding plate 95g with a 
hologram 95f, a X/4 plate 95h and a reflection plate 95i are provided for the back of the screen of a liquid crystal panel 
95d in which a liquid crystal plate 95a is inserted between polarization plates 95b and 95c. The hologram 95f polarizes/ 
separates light to be reflected from light to be transmitted, based on the polarization direction of light inputted to the 
light guiding plate 95g from the light source 2' and improves light using efficiency by using both the reflected light and 
the transmitted light. 

[0019] Fig. 72 shows the system disclosed in Japanese Patent Laid-open No. 2001-188126 "Polarization Splitting 
Prism Sheet and Lighting Device". The system comprises a liquid crystal panel 96d, in which a liquid crystal plate 96a 
is inserted between polarization plates 96b and 96c, and an lighting device 96k, which further comprises a polarization 
splitting prism sheet 96g with a liquid crystal layer 96f on the surface of its transmissive uneven support 96e, a quarter- 
wave plate 96h, a light guiding plate 96i and a reflection plate 96j. The lighting device 96k is provided for the back 
surface of the screen of the liquid crystal panel 96d. Light inputted to the light guiding plate 96i from the light source 
2* is polarized/separated into reflected light and transmitted light, and by using both the reflected light and the trans- 
mitted light, light using efficiency can be improved. 

[0020] Japanese Patent Laid-open Nos. 1 0-253830 and 1 1 -1 49074 also disclose such a structure for improving light 
using efficiency by using both reflected light and transmitted light in the same way of thinking as that of Japanese 
Patent Laid-open No. 2001-188126. 

[0021] Japanese Patent Laid-open No. 9-2741 09 "Sheet Polarization Device and Liquid Crystal Display Device using 
it" discloses a structure for polarization-splitting light inputted to a light guiding plate using a sheet prism and improving 
light using efficiency using both reflected light and transmitted light. 

[0022] Furthermore, Japanese Patent Laid-open No. 10-253830 "Backlight Unit" discloses a backlight unit using a 
device having a polarization splitting function. 

[0023] In these structures, light using efficiency can be improved by using a device having a polarization splitting 
function, and bright backlight whose consumption power is low, can be generated. 

[0024] In the conventional liquid crystal display devices/lighting devices described in Figs. 65 through 70, attention 
is paid to the luminance and its uniformity of light on a phase light source, which is emitted to the entire back of a liquid 
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crystal panel from a light source disposed on the edge of a light guiding plate. However, the liquid crystal panel itself 
is a device to be lit using polarized light having a prescribed direction, and half of the quantity of light inputted to the 
liquid crystal panel is eliminated by a polarization plate and is not used, which is a problem. 

[0025] In the conventional liquid crystal display devices/lighting devices described in Figs. 71 and 72, a polarized 
component that does not conventionally contribute to the lighting is effectively used by using a polarization splitting 
device. However, since in these structures, a polarization splitting device and a phase plate are added as new parts. 
The addition of the new parts incurs the large size and high cost of the entire device, which is a problem. 
[0026] The present invention is made in order to solve the problems described above, and an object of the present 
invention is to extract a polarized component to preventing it from entering a light guiding means, such as a liquid 
crystal panel, etc., as a polarized component to be inputted to the liquid crystal panel, by returning it by a polarization 
splitting means, which is a grating structure and is provided on the surface of the light guiding means, and inputting 
the component again to the polarization splitting means by a reflection means, which is a reflection plate, while changing 
linear polarization direction by a polarization converting means. Thus, the polarized component of light that is not 
conventionally effectively used can also be extracted. Therefore, alight guiding plate, whose number of parts, such as 
emitting devices, etc., and whose consumption power is reduced, and a liquid crystal display device with such a light 
guiding plate can be realized. 

Disclosure of Invention 

[0027] In order to solve the problems described above a light guiding plate is improved and a liquid crystal display 
device is realized using such a light guiding panel. Thus, a very thin liquid crystal display device, the reduction in the 
number of parts and the luminance improvement are all realized. 
[0028] According to the light guiding plate of claim 1 , a light guiding plate comprises 

polarization splitting means for splitting input light into light to be transmitted and light to be reflected, based on its 

polarization direction; 

reflection means for reflecting light; 

polarization converting means for providing light to be transmitted with a phase difference in such a way as to meet 
the condition of e^n-180 0 (30°<e 1 ^150°, n: integer); and 

light guiding means for holding the polarization converting means between the polarization splitting means and 
refection means and incorporating these means . 

[0029] According to the light guiding plate of claim 2, 

the light guiding plate of claim 1 provides transmission light with a phase difference in such a way as to meet the 
condition of G 2 +n1 80° (45°^e 2 ^1 35°, n : integer) preferably in 80% or more of the area of the polarization converting 
means. 

[0030] According to the light guiding plate of claim 3, 

the light guiding plate of claim 1 or 2 further provides transmission light with a phase difference in such a way as 
to meet the condition of 9 3 +n-180° (60°<e 3 <120°, n: integer) more preferably in 60% or more of the area of the 
polarization converting means. 

[0031] According to the light guiding plate of claim 4, in the light guiding plate of one of claims 1 through 3, 

said polarization splitting means is a grating structure composed of dielectric gratings formed by periodically re- 
peating a transparent dielectric material. 

[0032] According to the light guiding plate of claim 5, in the light guiding plate of claim 4, 

the cross section of the dielectric grating of the grating structure is formed by periodically repeating either a convex 
part whose cross section is a rectangle, a trapezoid, a triangle, a sine wave or a combination of a plurality of such 
convex parts. 

[0033] According to the light guiding plate of claim 6, in the light guiding plate of claim 5, 

the dielectric grating of the grating structure is formed by periodically repeating the convex part of a rectangle, a 
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trapezoid, a triangle or a sine wave. The grating period and groove depth of grating are between 0.3 and 0.8um, 
and between 0.2 and 0.5p.m, respectively. 

[0034] According to the light guiding plate of claim 7, in the light guiding plate of claim 6, 

the convex part of the dielectric grating of the grating structure is composed of a plurality of shapes formed by 
combining a basic shape with a minute shape. 

[0035] According to the light guiding plate of claim 8, in the light guiding pfate of one of claims 1 through 3, 

the polarization splitting means is a grating structure formed by adding one surface layer of a substance made of 
a substance having a prescribed refractive index or a plurality of surface layers formed by piling substances each 
with a different refractive index between adjacent layers to the surface of a dielectric grating formed by periodically 
repeating a transparent dielectric material. 

[0036] According to the light guiding plate of claim 9, in the light guiding plate of claim 8, 

the cross section of the dielectric grating of the grating structure is formed by periodically repeating either a convex 
part whose cross section is a rectangle, a trapezoid, a triangle, a sine wave or a combination of a plurality of such 
convex parts. 

[0037] According to the light guiding plate of claim 1 0, in the light guiding plate of claim 9, 

the period and groove depth of the dielectric grating of the grating structure are between 0.3u>m and O.Bujti, and 
between 0.2 and 0.5u/n, respectively, and 

the layer on the surface of the grating structure is formed by alternatively piling a layer of titanium dioxide (Ti0 2 ) 
or tantalum pentaoxide (Ta 2 0 5 ), 50nm through 150nm thick and a layer of silicon dioxide (Si0 2 ), 70nm through 
200nm thick. 

[0038] According to the light guiding plate of claim 11 , in the light guiding plate of claim 10, 

the grating structure comprises a silicon monoxide (SiO) layer 0 through 1 0Onm thick between the dielectric grating 
and the surface layer. 

[0039] According to the light guiding plate of claim 12, in the light guiding plate of claim 11 , 

the convex part of the dielectric grating of the grating structure is composed of a plurality of shapes formed by 
combining a basic shape with a minute shape. 

[0040] According to the light guiding plate of claim 13, in the light guiding plate of one of claims 8 through 12, 

the grating structure comprises on the surface of the dielectric grating 

a layer formed by piling a substance diluted by a solvent and repeating the process of eliminating the solvent one 
or more times by a spin coating method or a roll coating method, or 

a layer formed by piling a single layer of a substance or a plurality of layers formed by piling substances each 
having a different refractive index between adjacent layers by an evaporation method, a sputtering method or an 
ion plating method. 

[0041] According to the light guiding plate of claim 14, in the light guiding plate of one of claims 1 through 3, 

the polarization splitting means is a grating structure formed by adding a singie surface layer of a substance having 
a prescribed refractive index or a plurality of surface layers formed by piling substances each having a different 
refractive index between adjacent layers, on the concave part of a dielectric grating formed by periodically piling 
a transparent dielectric material. 



[0042] According to the light guiding plate of claim 15, in the light guiding plate of claim 14, 

[0043] The cross section of the dielectric grating of the grating structure is formed by periodically repeating either a 
convex part whose cross section is a rectangle, a trapezoid, a triangle, a sine wave or a combination of a plurality of 
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such convex parts. 

[0044] According to the light guiding plate of claim 1 6, in the light guiding plate of claim 15, 

the period and groove depth of the dielectric grating of the grating structure are between 0.3fxm and 0.8u.m, and 
0.2jim and 0.5p.m, respectively, and 

the layer on the surface of the concave part of the grating structure is formed by alternately piling a layer of titanium 
dioxide (Ti0 2 ) or tantalum pentaoxide (Ja 2 0 5 ), 50nm through 150nm thick and a layer of silicon dioxide (Si02) 
70nm through 200nm thick. 

[0045] According to the light guiding plate of claim 1 7, in the light guiding plate of claim 1 6, 

the grating structure comprises a silicon monoxide (SiO) layer, Onm through 100nm thick, between the dielectric 
grating and the surface layer 

[0046] According to the light guiding plate of claim 1 8, in the light guiding plate of claim 1 7, 

the convex part of the dielectric grating of the grating structure is composed of a plurality of shapes formed by 
combining a basic shape with a minute shape. 

[0047] According to the light guiding plate of claim 19, in the light guiding plate of one of claims 14 through 18, 
the grating structure comprises on the surface of the dielectric grating 

a surface layer formed by piling a single substance or a plurality of substances each having a different refractive 
index between adjacent layers, on the concave part diluted by a solvent, eliminating the solvent and further re- 
peating a process of eliminating only the substance on the top in the concave part of the dielectric grating one or 
more times by a spin coating method or a roll coating method, or 

a surface layer formed on the concave part by piling a single substance or a plurality of substances each having 
a different refractive Index between adjacent layers and repeating a process of eliminating the substance on the 
top in the convex part one or more times, by an evaporation method, a sputtering method or an ion plating method. 

[0048] According to the light guiding plate of claim 20, in the light guiding plate of one of claims 1 through 3, 

the polarization splitting means is a grating structure composed of a grating formed by periodically repeating the 
convex part formed by piling substances each having a different refractive index between adjacent layers. 

[0049] According to the light guiding plate of claim 21 , in the light guiding plate of claim 20, 

[0050] The cross section of the grating structure is formed by periodically repeating either a concave part whose 
cross section is a rectangle, a trapezoid, a triangle, a sine wave or a combination of a plurality of such convex parts. 
[0051] According to the light guiding plate of claim 22, in the light guiding plate of claim 21 , 

the grating structure is a grating formed by applying an emboss-process to 

a film formed by piling substances each having a different refractive index between adjacent layers, diluted by a 
solvent and repeating the process of eliminating the solvent one or more times, by a spin coating method or a roll 
coating method, or 

a film formed by piling substances each having a different refractive index between adjacent layers, by an evap- 
oration method, a sputtering method or an ion plating method. 

[0052] According to the light guiding plate of claim 23, in the light guiding plate of one of claims 1 through 3, 

the polarization splitting means is a grating structure composed of metallic gratings formed by periodically piling 
a metallic material, on the surface of a dielectric grating formed by periodically piling a transparent dielectric material 
and is periodically repeated. 

[0053] According to the light guiding plate of claim 24, in the light guiding plate of claim 23, 

the metallic grating of the grating structure is composed of a metallic thin film whose refractive index is 60% or more. 

[0054] According to the light guiding plate of claim 25, in the light guiding plate of claim 24, 
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the metallic thin film of the metallic grating is a single compound of Mg f Se, Y, Ti, Cr, Mo, W, Mn, Fe, Co, Ni, Ru, 
Pt, Cu, Ag, Au, Zn, Al, In, Si, Ge, Te, Pb or Sn or an alloy of two or more of such elements. 

[0055] According to the light guiding plate of claim 26, in the light guiding plate of one of claims 23 through 25, 
[0056] The cross section of the dielectric grating of the grating structure is formed by periodically repeating a concave 
part whose cross section is a rectangle, a trapezoid, a triangle, a sine wave or a combination of a plurality of such 
convex parts. 

[0057] According to the light guiding plate of claim 27, in the light guiding plate of claim 26, 

the dielectric grating of the grating structure is formed by periodically repeating a convex part whose cross section 
is a rectangle, a trapezoid, a triangle or a sine wave, 

and its period and groove depth are between 0u,m and 0.4p.m and between Opm and 0.2u.m, respectively. 

[0058] According to the light guiding plate of claim 28, in the light guiding plate of claim 27, 

the convex part of the dielectric grating of the grating structure is composed of a plurality of shapes formed by 
combining a basic shape with a plurality of minute shapes. 

[0059] According to the light guiding plate of claim 29, in the light guiding plate of one of claims 1 through 3, 

the polarization splitting means is a grating structure provided with a light guiding means, and a transparent sub- 
strate or a transparent film with a metallic grating formed by periodically repeating a metallic material. 

[0060] According to the light guiding plate of claim 30, in the light guiding plate of claim 29, 

the metallic grating of the grating structure is composed of a metallic thin film whose refractive index is 60% or more. 

[0061] According to the light guiding plate of claim 31 , in the light guiding plate of claim 30, 

the metallic thin film of the metallic grating is a single compound of Mg, Se, Y, Ti, Cr, Mo, W, Mn, Fe, Co, Ni, Ru, 
Pt, Cu, Ag, Au, Zn, Al, In, Si, Ge, Te, Pb or Sn or an alloy of two or more of such elements. 

[0062] According to the light guiding plate of claim 32, in the light guiding plate of claim 30 or 31 , 

the thickness of the metallic thin film, the period T and width of the metallic grating are O.Sujti or more, between 
0.05 and 0.25um, and in the range of 0.25T and 0.85T, respectively. 

[0063] According to the light guiding plate of claim 33, in the light guiding plate of one of claims 29 through 32, 

a foundation layer is formed between the light guiding means, transparent substrate or transparent film, and the 
metallic grating, and a protection film is formed on the surfaces of the metallic grating and the foundation layer. 

[0064] According to the light guiding plate of claim 34, in the light guiding plate of one of claims 29 through 33, 

the metallic grating is formed on the surface of the light guiding means, transparent substrate, transparent film or 
foundation layer through a mask with a striped grating pattern, by an evaporation method, a sputtering method, 
an ion plating method or a dry edging method. 

[0065] According to the light guiding plate of claim 35, in the light guiding plate, which is one of claims 29 through 
34 and has a grating structure in which a metallic grating composed of a metallic film, is formed on the front side of 
the transparent film, 

the grating structure is formed by forming a metallic grating on the transparent film, forming the metallic grating 
into a minute pattern by expanding the transparent film in the direction of stripes and pasting the pattern on the 
light guiding means or the transparent substrate, together with the transparent film. 

[0066] According to the light guiding plate of claim 36, in the light guiding plate of one of claims 1 through 35, 
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the light guiding means is made of resin and the polarization splitting means has double-refraction distribution. 

[0067] According to the light guiding plate of claim 37, in the light guiding plate of claim 36, 

the material of the light guiding means is acrylic resin, polycarbonate resin, acrylonitrile/styrene resin, epoxy resin 
or olefin resin. 

[0068] According to the light guiding plate of claim 38, in the light guiding plate of claim 36 or 37, 

internal double-refraction is formed by an anisotropic skin layer. 
[0069] According to the light guiding plate of claim 39, in the light guiding plate of one of claims 36 through 38, 

a light guiding means made of resin has large orientation. 

[0070] According to the light guiding plate of claim 40, in the light guiding plate of one of claims 36 through 39, 

a resin that forms the light guiding means contains a prescribed quantity of resin polymer having anisotropy, dif- 
ferent from a main material. 

[0071] According to the light guiding plate of claim 41 , in the light guiding plate of claim 40, 

a resin polymer different from the main material is styrene beads or liquid crystal polymer. 

[0072] According to the light guiding plate of claim 42, in the light guiding plate of one of claims 1 through 41 , 

the reflection means is provided for the entire surface or part of the surface of the light guiding means other than 
the surface, through which light is inputted and the surface on which the polarization splitting means is formed. 

[0073] According to the light guiding plate of claim 43, in the light guiding plate of one of claims 1 through 42, 

part of the reflection means or the entire reflection means is a diffusive hologram composed of minute convex/ 
concave parts, a volume-diffusive hologram or a speckle diffusive surface, and it diffuses/reflects light toward the 
polarization splitting means. 

[0074] According to the light guiding plate of claim 44, in the light guiding plate of claim 43, 

a metallic reflection film is formed on the diffusive hologram, volume-diffusive hologram or speckle diffusive surface 
of the reflection means. 

[0075] According to the light guiding plate of claim 45, in the light guiding plate of claim 43 or 44, 

one diffusive hologram of the reflection means branches one segment of input light into a plurality of segments of 
output light, and has phase difference distribution P(x) expressed as follows, assuming that phase difference dis- 
tribution that converts input light having phase difference distribution P t (x) into the i-th output light, is P { (x) 

P(x) = mod[£ Qj (x) • mod[p y (x) - /> (x) + Cf ft] + mod[ /> (x) + Cl , >r],m/r] 

• - Ml) 

(in the above equation, x, n, m, k, a Jf Cj and mod [A, B] are a vector indicating the position in a diffusive hologram, 
a circle ratio, a natural number, an integer of 2 or more, a function that meets 0<a,<1 , a constant and a function 
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to indicate the remainder obtained when dividing A by B, respectively). 

[0076] According to the light guiding plate of claim 46, in the light guiding plate of claim 45, a surface shape D' (x) 
is expressed as follows in such a way that the phase difference distribution of the diffusive hologram of the reflection 
means may become P(x). 

V(x)=-(W n3 H)Jn).P{x) (2) 

(In the above equation, n s and X indicate the refractive index of a medium around a diffusive hologram and a wavelength, 
respectively.) 

[0077] According to the light guiding plate of claim 47, in the light guiding plate of one of claims 1 through 42, 

the reflection means is made of metal, 

[0078] According to the light guiding plate of claim 48, in the light guiding plate of claim 47, 

the metal is a single compound of Mg, Se, Y, Ti, Cr, Mo, W, Mn, Fe, Co, Ni, Ru, Pt, Cu, Ag, Au, Zn, Al, In, Si, Ge, 
Te, Pb or Sn or an alloy of two or more of such elements. 

[0079] According to the light guiding plate of claim 49, in the light guiding plate of one of claims 1 through 42, 

the reflection means is made of a multi-layer dielectric film. 
[0080] According to the light guiding plate of claim 50, in the light guiding plate of claim 49, 

a metallic reflective film is formed on the multi-layer dielectric film. 
[0081] According to the light guiding plate of claim 51 , in the light guiding plate of one of claims 1 through 42, 

the reflection means is a pattern formed by printing. 
[0082] According to the light guiding plate of claim 52, in the light guiding plate of one of claims 1 through 42, 

the reflection means is a scattering surface. 
[0083] According to the light guiding plate of claim 53, in the light guiding plate of one of claims 1 through 52, 

the transmissivity of the polarization splitting means increases as its position gets further away from the light source. 

[0084] According to the light guiding plate of claim 54, in the polarization splitting means of the light guiding plate of 
one of claims 1 through 53, 

a grating structure is formed in such a way that the polarization splitting means may become almost orthogonal to 
light inputted from the light source. 

[0085] According to the light guiding plate of claim 55, in the light guiding plate of one of claims 1 through 54, 

the refractive index of the polarization splitting means increases as its position gets further away from the light 
source. 

[0086] According to the liquid crystal display device of claim 56, it comprises 
a light source, 

a light guiding plate described in one of claims 1 through 55, transmitting one of the two polarized components of 

light emitted from the light source, which are orthogonal, and 

a liquid crystal panel lit by polarized light emitted from the light guiding plate. 
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[0087] According to the liquid crystal display device of claim 57, in the liquid crystal display device of claim 56, 

the liquid crystal panel comprises 
a liquid crystal plate, and 

a pair of polarization plates whose respective polarization directions are orthogonal, and 

the polarization converting means and the polarization plates are disposed in such a way that the polarization 
direction of polarized light that transmits the polarization converting means and the polarization direction of polar- 
ized light that transmits the polarization plates disposed between the liquid crystal panel and the light guiding plate 
may become orthogonal. 

Brief Description of the Drawings 

[0088] 

Fig. 1 shows the rough structure of a light guiding plate (No. 1); 

Fig. 1 shows the rough structure of a light guiding plate (No. 2); 

Fig. 3 shows the spectral characteristic of light emitted from a cold cathode tube; 

Fig. 4 shows the cross section of a grating structure (No. 1); 

Fig. 5 shows the cross section of a grating structure (No. 2); 

Fig. 6 shows the cross section of a grating structure (No. 3); 

Fig. 7 shows the cross section of a grating structure (No. 4); 

Fig. 8 shows the relationship between the grating structure and transmitted light; 

Fig. 9 shows the rough structure of the grating structure (No. 1); 

Fig. 10 shows the rough structure of the grating structure (No. 2); 

Fig. 11 shows the rough structure of the grating structure (No. 3); 

Fig. 12 shows the rough structure of the grating structure (No. 4); 

Fig. 13 shows the polarization splitting characteristic of the grating structure (No, 1); 

Fig. 14 shows the polarization splitting characteristic of the grating structure (No. 2); 

Fig. 15 shows the polarization splitting characteristic of the grating structure (No. 3); 

Fig. 16 shows the polarization splitting characteristic of the grating structure (No. 4); 

Fig. 1 7 shows the cross section of the convex part of a multi-stepped shape; 

Fig. 18 shows the manufacturing method of the grating structure by a photo-mask and light exposure; 

Fig. 19 shows the rough structure of the grating structure; 

Fig. 20 shows an example structure of the grating structure (No.1); 

Fig. 21 shows the polarization splitting characteristic of the grating structure (No. 1); 

Fig. 22 shows an example of the grating structure (No. 2); 

Fig. 23 shows the polarization splitting characteristic of the grating structure (No. 2); 

Fig. 24 shows the structure of the grating structure (No. 3); 

Fig. 25 shows the manufacturing method of the grating structure (No. 3); 

Fig. 26 shows the structure of the grating structure (No. 4); 

Fig. 27 shows the structure of the grating structure (No. 5); 

Fig. 28 shows the manufacturing method of the grating structure (No. 4); 

Fig. 29 shows the structure of the grating structure (No. 6); 

Fig. 30 shows the structure of the grating structure (No. 7); 

Fig. 31 shows the rough structure of the grating structure (No. 8); 

Fig. 32 shows the polarization splitting characteristic of the grating structure (No. 8); 

Fig. 33 shows the rough structure of the grating structure (No. 9); 

Fig. 34 shows the polarization splitting characteristic of the grating structure (No. 9); 

Fig. 35 shows the structure of the grating structure No. 10); 

Fig. 36 shows the polarization splitting characteristic of the grating structure (No. 11); 

Fig. 37 shows the squint cross-section of another grating structure (No.1); 

Fig. 38 shows the squint cross-section of another grating structure (No. 2); 

Fig. 39 shows the squint cross-section of another grating structure (No. 3); 

Fig. 40 shows the manufacturing method of a film with a metallic thin film evaporated; 

Fig. 41 shows the double-refraction distribution characteristic of a light guiding means (No. 1); 

Fig. 42 shows the double-refraction distribution characteristic of a light guiding means (No. 2); 

Fig. 43 shows the double-refraction distribution characteristic of a light guiding means (No. 3); 

Fig. 44 shows the principle of a diffusive hologram; 
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Fig. 45 shows a printed pattern; 

Fig. 46 shows the comparison/evaluation of a luminance improvement ratio; 

Fig. 47 shows a polarization splitting means whose grating period varies with its position; 

Fig. 48 shows a polarization splitting means whose dielectric grating shape varies with its position; 

Fig. 49 shows a reflection means whose printed pattern varies with its position; 

Fig. 50 shows a reflection means using a diffusive hologram that converts a reflection direction depending on its 
position (No. 1); 

Fig. 51 shows a reflection means using a diffusive hologram that converts a reflection direction depending on its 
position (No. 2); 

Fig. 52 shows the radiation angle range of the light guiding plate for a lighting device; 
Fig. 53 shows the rough structure of a liquid crystal display device (No.t); 

Fig. 54 shows the AB cross section of the liquid crystal display device that indicates the relationship between the 
grating structure and transmitted light; 

Fig. 55 compares the liquid crystal display device of the present invention with the conventional one; 

Fig. 56 shows the rough structure of a liquid crystal display device (No.2); 

Fig. 57 shows the rough structure of another preferred embodiment (No. 1); 

Fig. 58 shows the rough structure of another preferred embodiment (No.2); 

Fig. 59 shows the rough structure of another preferred embodiment (No. 3); 

Fig. 60 shows the rough structure of a liquid crystal display device (No. 3); 

Fig. 61 shows the cross section of a dielectric grating (SEM picture); 

Fig. 62 shows the polarization splitting characteristic of the dielectric grating; 

Fig. 63 shows the configuration of laboratory equipment measuring a luminance improvement ratio; 

Fig. 64 shows the cross section of a dielectric grating with a three-layer film (SEM picture); 

Fig. 65 shows the major cross section structure of a conventional liquid crystal display device; 

Fig. 66 shows the major cross section structure of another conventional liquid crystal display device No. 1); 

Fig. 67 shows the major cross section structure of another conventional lighting device (No. 1); 

Fig. 68 shows the major cross section structure of another conventional lighting device (No. 2); 

Fig. 69 shows the major cross section structure of another conventional lighting device (No. 3); 

Fig. 70 shows the major cross section structure of another conventional lighting device (No. 2); 

Fig. 71 shows the major cross section structure of another conventional lighting device (No. 3); and 

Fig. 72 shows the major cross section structure of another conventional lighting device No. 4). 

Best Mode for Carrying Out the Invention 

[0089] The first preferred embodiment of the light guiding plate of the present invention is described with reference 
to the drawings. Figs. 1 and 2 show the rough structure of the light guiding plate. Fig. 3 shows the spectral characteristic 
of light emitted from a cold cathode tube. The light guiding plate in this preferred embodiment ranks highest in concept. 
As shown in Fig. 1 , the light guiding plate comprises a polarization splitting means 10, a polarization converting means 
20, a reflection means 30 and light guiding means 40. Particularly, the light guiding means 40 is inserted between the 
polarization splitting means and the reflection means 30, and incorporates the polarization converting means 20. 
[0090] Alternatively, as shown in Fig. 2, the light guiding means 40 can also have a slope on one side (be wedge- 
shaped). 

[0091] Next, this structure is described. Since a light guiding plate 1 improves the luminance improvement ratio of 
polarized light in one direction, how the light guiding plate 1 influences light inputted from a light source 2 is described 
below. 

[0092] As shown in Fig. 1, the light source 2 emits light. This light advances while being alternatively reflected on 
the reflection surface of the reflection means 30 and on the polarization splitting surface of the polarization splitting 
means 10. 

[0093] The polarization splitting means 10 splits input light into light to be reflected and light to be transmitted de- 
pending on its light polarization direction. The polarization splitting means 1 0 transmits polarized light p in the direction 
shown in Fig. 1 and reflects polarized light s as light to be transmitted and light to be reflected, respectively. 
[0094] As shown in Fig. 1 , which is described in detail later, polarized light p and polarized light s that are described 
in this specification are determined based on the forming direction of a grating structure. Light perpendicular to the 
direction of forming of a grating structure and that in parallel to the direction of forming are defined as polarized light 
p and polarized light s, respectively. 

[0095] Light reflected on the polarization splitting means 10 (polarized light s) transmits through the polarization 
converting means 20. This polarization converting means 20 provides light to be transmitted with a double-refraction 
phase difference that meets a range condition e^n-180 0 (30 e <e 1 ^150°, n: integer)(hereinafter called "condition T). 
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The transmitted light reaches the reflection means 30. 

[0096] The reflection means 30 reflects incoming light, and directs it toward the polarization converting means 20 
and the polarization splitting means 1 0. Although in this preferred embodiment, the reflection means 30 simply reflects 
light, a variety of reflection means that can control reflection direction can also be adopted. The details of the reflection 
means 30 are described later. 

[0097] The polarization converting means 20 provides transmitted light again with a double-refraction phase differ- 
ence that meets condition 1 . The light that has transmitted the polarization converting means 20 reaches to the polar- 
ization splitting means 10. 

[0098] Thus, the light is provided with a double-refraction phase difference of 20 1 +n-360° (6Q°<2S^S0 0 ) in total 
while it is once reflected between the polarization splitting means 10 and the reflection means 30. This means that the 
light is provided with a double-refraction phase difference in such a way as to cover ±120° using 180° as a center. 
[0099] It is well known that the light is provided with a double-refraction phase difference of 1 80°, in other words, if 
its phase is shifted by a half wavelength, its polarization direction is converted into 90°. The polarization direction of 
light inputted to the polarization splitting means 10 from this polarization converting means 20 is converted into a 
prescribed range using 90° as a center (±60° using 90° as a center, that is, 30°<o^150°) (that is, a polarized light s- 
rich light is converted to a polarized light p-rich light), and polarized component (polarized light p) transmits through 
the polarization splitting means 10. 

[0100] Polarized light s that cannot transmit through the polarization splitting means 10 and is reflected also takes 
the same optical path again and finally transmits through the polarization splitting means 10. 

[0101] Even if polarized light s reflected on the polarization splitting surface of the polarization splitting means 1 0 is 
once reflected on the bottom reflection surface of the reflection means 30, all segments of light do not reach the po- 
larization splitting surface of the polarization splitting means 10. However, all the segments of polarized light s are 
statistically converted into polarized light p while being multiply reflected between the polarization splitting surface and 
reflection surface, and transmit through the polarization splitting surface of the polarization splitting means 10. Since 
light is utilized without waste, the luminance improvement ratio can be enhanced. 

[0102] In this preferred embodiment, as shown in Fig. 2, the light guiding means 40 can also be wedge-shaped and 
the reflection means 30 can also be inclined. Thus, inputted light can be surely reflected toward the polarization splitting 
means 10. 

[0103] It has been described that the polarization converting means 20 of this preferred embodiment provides light 
to be transmitted with a double-refraction phase difference of G^n-180 0 (30°^6 1 ^1 50° , n: integer) . In this case, a 
double-refraction phase difference to be provided varies with the wavelength of light emitted from the light source 2. 
This point is briefly described below. 

[0104] Specifically, the light source 2 can be a monochrome light source or a white light source. 
[0105] For a monochrome light source, a monochrome LED laser diode that outputs a laser beam with a specific 
wavelength (for example, a single wavelength, such as red 700nm, green 546.1 nm or blue 435.8nm) can be used. 
[0106] For a white light source, a light source that emits light in a wide wavelength range, such as a cold cathode 
tube light source or a white LED light source (light source in which a fluorescent material converts an ultraviolet ray 
emitted from an LED chip into a white ray) . Furthermore, there are a variety of light sources, such as a white LED light 
source that generates a white ray by emitting a plurality of segments of monochrome light in two complementary colors, 
three primary colors RGB, etc. Such a white light source emits a plurality of rays each with a different wavelength in a 
wide band, as clearly seen from the spectral characteristic shown in Fig. 3. 

[0107] Next, the point that a double-refraction phase difference provided by the polarization converting means 20 
depends on an optical wavelength and its condition varies depending on the type of a light source 2 to be used, is 
described. 

[0108] For example, in the case of a monochrome light source, such as a laser beam, in which a light source emits 
light with a single wavelength, etc., its wavelength is in a narrow band. Therefore, the wavelength is determined in 
such a way that a double-refraction phase difference may meet condition 1 or preferably become 90°. 
[0109] Although the polarization converting means 20 provides light to be transmitted with a double-refraction phase 
difference of e 1+ n-180° (30° £6 ^150°, n: integer), this double-refraction phase difference can also be expressed by 
length instead of an angle. If n=0, the double-refraction phase difference can be expressed as follows: 

If the wavelength of a laser beam is 700nm, 
700nm.30°/360° = 58.3nm and 
700nm.150°/360° = 291. 7nm. 

Specifically, if in the case of n=0, a double-refraction phase difference to be provided can be set in the range of 58.3nm 
through 291 .7nm, condition 1 is met. It is acceptable if the polarization converting means 20, that provides more of a 
double-refraction phase difference of approximately 175nm in which the difference becomes 90°, is used. 
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[01 10] Similarly, if the wavelength of a laser beam is 550nm, 

550nm-30°/360° = 45.8nm and 
550nm.150°/360 Q = 229.2nm. 

Specifically, if in the case of n=0, a double-refraction phase difference to be provided can be set in the range of 45.8nm 
through 229.2nm, condition 1 is met. It is acceptable if the polarization converting means 20, that provides more of a 
double-refraction phase difference of approximately 137.5nm In which the difference becomes 90°, is used. 
[0111] Similarly, if the wavelength of a laser beam Is 400nm, 

400nm 30 o /360° = 33.3nm and 
400nm-150 o /360° = 166.7nm. 

Specifically, if in the case of n=0, a double-refraction phase difference to be provided can be set in the range of 33.3nm 
through 166.7nm, condition 1 is met. It is acceptable if the polarization converting means 20 that provides more of a 
double- refraction phase difference of approximately 100nm in which the difference becomes 90°, is used. 
[0112] Condition 1 assumes that the polarization converting means 20 converts most of the polarized component s 
of light into polarized light p white it is reflected between the polarization splitting means 10 and the reflection means 
30. In this case, although some segments of light go and come back two or more times instead of one time, most of 
them are reflected on the reflection surface of the reflection means 30 and come back to the reflection splitting surface 
of the polarization splitting means 10. Therefore, the double-refraction phase difference provided by the polarization 
converting means 20 is approximately 90° in the groove depth direction of the light guiding plate 1 , and it is preferable 
to provide it on the condition of G^n-180 0 (SO^B^ISO 0 ). 

[01 13] As described above, in the case of a monochrome light source, a double-refraction phase difference that the 
polarization converting means 20 provides can be easily determined. However, If the light source 2 emits light in a wide 
wavelength range like a white light source, that is, a cold cathode tube light source/white LED light source, a double- 
refraction phase difference that meets condition 1 cannot be easily determined. 

[0114] In order to solve the problem, the polarization converting means 20 of the present invention determines a 
double- refraction phase difference in such a way as to meet condition 1 (to provide 90°) at a wavelength located almost 
at the center of a visible wavelength area where a light source dominantly emits white light. 

[0115] In the case of a white LED light source in which white light is obtained by emitting aplurality of segments of 
monochrome light, such as two complementary colors, three primary colors RGB, etc., the polarization converting 
means 20 determines a double-refraction phase difference in such a way as to meet condition 1 (to provide 90°) in a 
wavelength located almost at the center of wavelengths for those two or three colors. 

[01 1 6] For example, the case where a white light source in which white light is obtained by emitting the laser beams 
of three primary colors RGB with wavelengths 700nm, 550nm and 400nm, respectively, is described below. In this 
case, a wavelength located almost at the center is 550nm. If a double-refraction phase difference is expressed in 
length, in the case of n=0, a double-refraction phase difference is provided in the range of 45.8nm through 229. 2nm. 
However, as in the above calculation, light with a wavelength of 700nm is provided with a double-refraction phase 
difference of 90° instead of that of 1 75nm. Light with a wavelength of 400nm is provided with a double-refraction phase 
difference of 90° instead of that of 100nm. These double-refraction phase differences are included in the range of 
45.8nm through 229. 2nm, and a double-refraction phase difference of nearly 90° is provided for all the wavelengths 
for three primary colors RGB. Therefore, a white light source can also be applied to a light guiding plate with the 
polarization converting means 20 of condition 1 of this preferred embodiment. 

[0117] In this preferred embodiment, since the polarization converting means 20 is positioned between the polari- 
zation splitting means 10 and the reflection means 30, light can be made to transmit through the polarization splitting 
means 10 by converting its polarization direction in such a way that the light may transmit through the polarization 
converting means 20 twice both ways. Polarized light s contains a polarized component p (if its polarization direction 
is converted by 90°, all components become polarized light p) when the polarized light s is reflected on the polarization 
splitting surface of the polarization splitting means 10. 

[01 1 8] By adopting such a structure, only one of two segments of polarized light that are orthogonal can be extracted 
more efficiently, and accordingly a luminance improvement ratio can be enhanced, which is an advantage. 
[0119] Next, the second preferred embodiment is described. In this preferred embodiment, in order to further enhance 
a luminance improvement ratio, approximately 80% of the area of the polarization convertingmeans 20 provide light 
to be transmitted with a double-refraction phase difference in such a way as to preferably meet the condition of 
e 2 +n-180° (45°<e 2 ^135°, n: integer) (hereinafter called "condition 2"). 

[0120] In this case too, condition 2 varies depending on the type of a light source. For example, in the case of a 
monochrome light source, the polarization converting means 20 provides light to be transmitted with a double-refraction 
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phase difference of 6 2 +n-180° (45°se 2 £l35°, n: integer). If as in the above calculation, the double-refraction phase 
difference is expressed in length, in the case of n=0, it is as follows. 
[0121] If a wavelength is 700nm, the following can be obtained: 

700nm.45°/360° = 87.5nm and 
700nm.135°/360° = 262.5nm. 

Specifically, in the cases of n=0, it is acceptable if the double-refraction phase difference can be provided in the range 
of 87.5nm through 262.5nm. It is acceptable if a polarization converting means 20 is set to provide more of a double- 
refraction phase difference of approximately 1 75nm, which corresponds to 90°. In this case, since this range is narrower 
than 58.3nm through 291 ,7nm of condition 1, the polarization converting means 20mustbe setmore strictly, whose 
specific setting method is described later. 

[0122] Similarly, if a wavelength is 550nm, the following can be obtained: 

550nm-45°/360° = 6B.8nm and 
550nm-135°/360° = 206.3nm. 

Specifically, in the cases of n=0, it is acceptable if the double-refraction phase difference can be provided in the range 
of 68.8nm through 206.3nm. It is acceptable if a polarization converting means 20 is set to provide more of a double- 
refraction phase difference of approximately 137.5nm, which corresponds to 90°. In this case, since this range is 
narrower than that of condition 1 being 45.8nm through 229.2nm, the polarization converting means 20 must be set 
more strictly. 

[0123] Similarly, if a wavelength is 400nm, the following can be obtained: 

400nm.45°/360° = 50.0nm and 
400nm-135°/360° = 150.0nm. 

Specifically, in the cases of n=0, it is acceptable if the double-refraction phase difference is provided in the range of 
50.0nm through 150.0nm. It is acceptable if a polarization converting means 20 is set to provide more of a double- 
refraction phase difference of approximately 100.0nm, which corresponds to 90°. In this case, since this range is 
narrower than that of condition 1 being 33.3nm through 166.7nm, the polarization converting means 20 must be set 
more strictly. Thus, in the case of a monochrome light source, there is no problem in its application. 
[0124] In the case of a white light source in which white light is obtained by emitting three laser beams in three 
primary colors RGB with wavelengths of 400nrn, 550nm and 700nm, respectively, the polarization converting means 
20 determines a double-refraction phase difference in such a way that light with a wavelength 550nm located almost 
at the center may meet condition 2. If the double-refraction phase difference is expressed in length, in the case of n=0, 
a double-refraction phase difference is provided in the range of 68.8nm through 206.3nm. However, as in the above 
calculation, light with a wavelength of 700nm is provided with a double- refraction phase difference of 90° instead of 
that of 175nm. Light with a wavelength of 400nm is provided with a double-refraction phase difference of 90° instead 
of that of 100nm. These double-refraction phase differences are included in the range of 68.8nm through 206. 3nm, 
and a double-refraction phase difference of nearly 90° is provided for all the wavelengths for three primary colors RGB. 
Therefore, a white light source can also be applied to a light guiding plate with the polarization converting means 20 
of condition 2 of this preferred embodiment. 

[0125] In such a structure, if light transmits through the polarization converting means 20 twice both ways, light is 
provided with a double-refraction phase difference of 2-G 2 +n-360° (in this case, 90°^2-e 1 <270°) in total. This means 
that light is provided with a double-refraction phase difference in such a way as to cover ±90° using 180° as a center. 
In this case, the polarization direction of light inputted to the polarization splitting means 10 from this polarization 
converting means 20 is converted into a prescribed range using 90° as a center (±45° using 90° as a center, that is, 
45 0 £a2Sl35 0 ), and a transmissive polarized component of light previously reflected on the polarization splitting means 
1 0 is transmitted and emitted from the polarization splitting means 10. 

[0126] In the present invention, since light is outputted after the range of polarization conversion direction (±45° 
using 90° as a center) of the polarization converting means 20 is made narrow, the polarization direction is converted 
in such a way that polarized light s may contain more of polarized components p and accordingly more of light can 
transmit through the polarization splitting means 10. Therefore, a luminance improvement ratio can be enhanced. 
[0127] By adopting such a structure, 80% or more area from which polarized light can be extracted more efficiently 
than in the first preferred embodiment can be realized, and accordingly a luminance improvement ratio can be further 
enhanced, which is an advantage. 

[0128] Next, the third preferred embodiment is described. In this preferred embodiment, in order to further enhance 
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a luminance improvement ratio, approximately 60% of the area of the polarization converting means 20 provides light 
to be transmitted with a double-refraction phase difference in such a way as to preferably meet the condition of 
9 3 +n.180° (GO^O^^O*, n:integer)(hereinafter called "condition 3"). 

[0129] In this case too, condition 3 varies depending on the type of a light source. For example, in the case of a 
monochrome light source, the polarization converting means 20 provides light to be transmitted with a double-refraction 
phase difference of e 3 +n.180° (60°£e 3 £l20 o , n: integer) . If the double-refraction phase difference is expressed in 
length, in the case of n=0, it is as follows. 

[0130] If a wavelength is 700nm, the following can be obtained: 

700nr7v60°/360° = 116.7nm and 
700nm.120°/360° = 233.3nm. 

Specifically, in the cases of n=0, it is acceptable if the double-refraction phase difference is provided in the range of 
116.7nm through 233. 3nm. It is acceptable if a polarization converting means 20 is set to provide more of a double- 
refraction phase difference of approximately 1 75nm, which corresponds to 90°. In this case, since this range is narrower 
thanboth 58.3nm through 291. 7nm of condition 1 and 68.8nm through 206.3nm of condition 2, the polarization con- 
verting means 20 must be set more strictly. 

[0131] Similarly, if a wavelength is 550nm, the following can be obtained: 

550nm-60°/360° = 91.7nm and 
550nm.120°/360° = 183.3nm. 

Specifically, in the cases of n=0, it is acceptable if the double-refraction phase difference is provided in the range of 
91.7nm through 183. 3nm. It is acceptable if a polarization converting means 20 is set to provide more of a double- 
refraction phase difference of approximately 137.5nm, which corresponds to 90°. In this case, since this range is 
narrower than both 45.8nm through 229.2nm of condition 1 and 68.8nm through 206.3nm of condition 2, the polarization 
converting means 20 must be set more strictly. 

[0132] Similarly, if a wavelength is 400nm, the following can be obtained: 

400nm-60°/360° = 66.7nm and 
400nm-120°/360 <> = 133.3nm. 

Specifically, in the cases of n=0, it is acceptable if the double-refraction phase difference is provided in the range of 
66.7nm through 133.3nm. It is acceptable if a polarization converting means 20 is set to provide more of a double- 
refraction phase difference of approximately 100.0nm, which corresponds to 90°. In this case, since this range is 
narrower than both 33.3nm through 166.7nm of condition 1 and50.0nm through 150.0nm of condition 2, the polarization 
converting means 20 must be set more strictly. Thus, in the case of a monochrome light source, there is no problem 
in its application. 

[0133] In the case of a white light source in which white light is obtained by emitting three laser beams for three 
primary colors RGB with wavelengths of 400nm, 550nm and 700nm, respectively, the polarization converting means 
20 determines a double-refraction phase difference in such a way that light with a wavelength of 550nm located almost 
at the center may meet condition 2. If the double-refraction phase difference is expressed in length, in the case of n=0, 
a double-refraction phase difference is provided in the range of 91.7nm through 183.3nm, However, as in the above 
calculation, light with a wavelength of 700nm is provided with a double-refraction phase difference of 90° instead of 
that of 175nm. Light with a wavelength of 400nm is provided with a double-refraction phase difference of 90° instead 
of that of 100nm. These double-refraction phase differences are included in the range of 91.7nm through 183.3nm, 
and a double-refraction phase difference of nearly 90° is provided for all the wavelengths for three primary colors RGB. 
Therefore, a white light source can also be applied to a light guiding plate with the polarization converting means 20 
of condition 3 of this preferred embodiment. 

[0134] In such a structure, if light transmits the polarization converting means 20 twice both ways, light is provided 
with a double-refraction phase difference of 2G 3 +n360° (120°$2-e 1 ^240°) in total. This means that light is provided 
with a double-refraction phase difference in such a way as to cover ±90° using 180° as a center. In this case, the 
polarization direction of light inputted to the polarization splitting means 10 from this polarization converting means 20 
is converted into a prescribed range using 90° as a center (±30° using 90° as a center, that is, 60°£a£l20°) l and a 
transmissive polarized component of light previously reflected on the polarization splitting means 10 is transmitted and 
emitted from the polarization splitting means 10. 

[01 35] In the present invention, the polarization converting means 20 can output light after securing 60% or more of 
an area that narrows the range of polarization conversion direction (±30° using 90° as a center), and accordingly a 
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luminance improvement ratio can be enhanced, which is an advantage. 

[0136] Next, the fourth preferred embodiment of the present invention is described. In this preferred embodiment, 
the polarization splitting means 10 is described in more detail than those of the first through third preferred embodi- 
ments. Figs. 4 through 7 show the cross section of the grating structure. 

[0137J The polarization splitting means 10 of this preferred embodiment adopts a grating structure composed of 
dielectric gratings each of which is formed by periodically piling a transparent dielectric material. The cross section of 
this grating structure is formed by periodically repeating the convex part of a rectangle shown in Fig. 4, a trapezoid 
shown in Fig. 5, a triangle shown in Fig. 6, a sine wave shown in Fig. 7 or a combination of a plurality of such convex 
parts, which is not shown here. The repetition period is p. 

[0138] Such a grating structure sometimes is directly formed in the light guiding means 40. Sometimes the grating 
structure is formed on a transparent substrate and the substrate is disposed in the light guiding means 40. Sometimes 
the grating structure is formed on a transparent film and the film is disposed in the light guiding means 40. 
[0139] Next, the polarization splitting function of such a grating structure is described. Fig. 8 shows the relationship 
between such a grating structure and light to be transmitted. In Fig. 8, a grating structure 1 00 made of dielectrics canbe 
expanded in the y-axis direction, which is the grating forming direction of the grating structure 100. The case where 
light 3 having a polarized component in the x-axis direction (polarized light p) and a polarized component in the y-axis 
direction (polarized light s) is inputted to this grating structure, is studied. When such light 3 is inputted to the grating 
structure 1 00, only the polarized component in the x-axis direction (polarized light p) transmits it in the z-axis direction, 
and the polarized component in the y-axis direction (polarized light s) is reflected by the grating structure 1 00 and is 
returned in the downward direction of the z-axis. Specifically, the polarization splitting means 10 of this preferred em- 
bodiment utilizes the fact that polarized light is transmitted/reflected depending on the material (dielectric) and shape/ 
dimensions of such a grating structure 1 00. 

[0140] Thus, the grating structure 100 has a polarization splitting function. If the period of the grating structure 100 
falls on p, light with a wavelength of approximately p (light with almost the same wavelength) is mainly transmitted. 
Therefore, for the light source of the polarization splitting means 1 0 used in the grating structure 1 00 of this preferred 
embodiment, it is preferable to use a monochrome light source that outputs light with a single wavelength. 
[0141] The polarization splitting function of the grating structure 100 having such a cross section is also clarified by 
an optical wave numerical analysis simulation test based on an electro-magnetic field theory. 

[0142] In this case, the cross section of the grating structure is formed by periodically repeating the convex part of 
a rectangle, a trapezoid, a triangle or a sine wave. It is preferable to set the grating period and groove depth of grating 
to be between 0.3jim and 0.8u,m, and between 0.2um and CS^m, respectively. Next, this fact is described with reference 
to the drawings. 

[0143] Figs. 9 through 12 show the rough structure of the grating structure. Figs. 13 through 16 show the polarization 
splitting characteristics of the grating structures. 

[0144] Figs. 1 3 through 1 6 show the polarization splitting characteristics obtained by a computer simulation test when 
light is inputted to the grating structure shown in Figs. 9 through 12, respectively. Specifically, Figs. 9, 10, 11 and 12 
shows rectangular, trapezoidal, sine-wave and triangular grating structures, respectively. In each case, its grating period 
p, groove depth of grating h and refractive index n are 0,55u.m (p=0.55nm), 0.28u.m (h=0.28u,m) and 1.49 (n=1.49), 
respectively. Figs. 13, 14, 15 and 16 show the respective wavelength dependency of the refractive indexes (Rs) of a 
polarizes component (polarized light s) in parallel to the forming direction of the grating structure and the transmissivity 
(Tp) of a polarized component (polarized light p) perpendicular to the forming direction of the grating structure that are 
obtained when light with a wavelength in a visible range (light with a wavelength 400nm through 700nm) is vertically 
inputted to the rectangular, trapezoidal, sine-wave and triangular grating structures, respectively. In a wavelength range 
a little longer than grating period p=0.55u,m, refractive index Rs increases. These four polarization splitting characteristic 
charts show that, of a plurality of segments of light with a wavelength longer than grating period p (light with a wavelength 
550nm), polarized light p transmits the grating structure at p=0.9u,m and polarized light s is reflected at p=0.5-0.8u.m. 
In this case, a good polarization splitting characteristic can be obtained. 

[0145] Instead of the above grating structure, the convex part of a dielectric grating can also be formed by combining 
a plurality of shapes obtained by combining a basic shape with a minute shape. Fig. 1 7 shows the cross section of a 
multi-stepped convex part. 

[0146] As shown in Fig. 1 7, the shape/structure of the grating structure is composed of minute convex/concave parts 
(in Fig. 17, mo re minute con vex/concave parts are formed in addition to minute convex/concave parts) . Thus, a convex 
part formed in period p of less than an optical wavelength can be formed by repeating a narrow groove 101 within a 
wide groove 102 formed by providing this groove 1 01 with a step. The cross section of the grating structure can also 
be formed in a convex shape by overlapping a rectangular grating on a rectangle grating. 

[0147] Next, the reason why the surface shape must be multi-stepped is described. This is for convenience sake of 
manufacturing. 

[0148] As described earlier, it is preferable for the cross section of a dielectric grating to be the convex part of a 
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rectangle, trapezoid, sine wave or triangle. However, sometimes it is difficult to form such a convex part. Therefore, 
the polarization splitting means 10 is formed into a multi-stepped shape approximate to a sine wave or a triangle (see 
Fig. 17). 

[0149] Next, the manufacturing method of the grating structure is described. 

[0150J The light guiding means 40 is molded in resin. Its grating structure is copied into a metallic mold and the 
polarization splitting means is molded in resin using the metallic mold, which is described in detail later. The metallic 
mold can be copied by the mechanical cutting of a minute-shape processing machine whose process resolution has 
been recently improved, such as that of a Ruling Engine, whose rectangular, trapezoidal and triangular molds are 
conventionally known well, a ROBOnano of FUNUC make, etc. 

[01 51 ] Besides the copying method using a metallic mold, the polarization splitting means 1 0 can also be formed by 
a photo-mask and optical exposure. In this case, the convex cross section can be easily formed into a shape approx- 
imate to the multi-stepped shape as shown in Fig. 17. The summary of the manufacturing method is described below. 
Fig. 1 8 shows the manufacturing method of a grating structure by a photo-mask and optical exposure. Firstly, as shown 
in Fig. 18A, a photo-resist 104 formed on a transparent base material 103 (the light guiding means 40) is exposed to 
light through a first photo-mask 1 05. After the exposure, the exposed photo-resist 1 04 is eliminated, and the transparent 
base material 103 (light guiding means 40) is processed and formed into a binary shape by edging. Then, as shown 
in Fig. 1 8B, a shape approximate to a multi-stepped shape can be easily formed by performing the same process using 
a second photo-mask 106 or a third photo-mask, which is not shown in Fig. 18. 

[0152J In the case of a sine-wave shape, a mold can also be formed like a sine wave by controlling optical exposure 
conditions using one binary-shape mask. A substantial sine-wave shape can also be formed on the transparent base 
material 1 03 (light guiding means 40) by appropriately setting molding conditions using a rectangular or a trapezoidal 
mold. Furthermore, in the case of a sine-wave shape, making two laser beams interfere with each other on a photo- 
resist surface can also holograph ically form a shape. 

[0153] It is theoretically preferable for the period of each grating structure to be almost the same as the wavelength 
of light for lighting. However, as clearly seen from the polarization splitting characteristic shown in Figs. 13 through 16, 
even if the period of the grating structure is a little shorter than the wavelength and the wavelength of light is longer 
than the wavelength, the predetermined polarization splitting function can be realized. Therefore, the period of the 
grating structure can also be made a little shorter than the wavelength of light. 

[0154] In this grating structure, since the grating period contains a visible wavelength range, it is acceptable if the 
period is in the range of 0.3u.m through 0.8um. It is preferable for the groove depth of grating to be between 0.2um 
and 0.5um. In this case, the longer the wavelength is, the deeper the groove depth of grating becomes proportionally. 
[0155] However, the period of the grating structure is not limited to a specific one, which is described in detail later. 
As shown in Fig. 19, the cross section of the grating structure can also vary depending on the position (p1>p2) and 
the wavelength of light to be transmitted can also be modified/adjusted depending on its position. 
[0156] The facts described above have all been found by the computer simulation tests and experiments of the 
applicant. The grating period and groove depth of grating is not limited to the combinations described above and can 
be appropriately adjusted/modified/selected as the case may be. 
[0157] Next, the fifth preferred embodiment is described. 

[0158] In this preferred embodiment, as in the fourth preferred embodiment, another polarization splitting means 10 
is described in more detail than those of the first through third preferred embodiments. 

[0159] The polarization splitting means 10 of this preferred embodiment is a grating structure formed by piling one 
surface layer made of a substance with a prescribed refractive index or a plurality of surface layers formed by piling 
substances each with a different refractive index between adjacent layers on the surface of a dielectric grating formed 
by periodically piling a transparent dielectric material. 

[0160] The cross section of the dielectric grating of this grating structure is formed by periodically repeating the 
convex part of a rectangle, a trapezoid, a triangle or a sine-wave shape, or a combination of a plurality of such convex 
parts. 

[01 61 ] This grating structure sometimes can be directly formed into the light guiding means 40. Sometimes the grating 
structure canbe formed on a transparent substrate and be disposed in the light guiding means 40. Sometimes the 
grating structure can be formed on a transparent film and be disposed in the light guiding means 40. 
[0162] The period and groove depth of the dielectric grating of the grating structure are between 0.3u.m and 0.8um, 
and between 0.2nm and 0.5u,m, respectively. The surface layer added on the surface of the grating structure is formed 
by alternatively piling a layer of titanium dioxide (T10 2 ) or tantalum pentaoxide (Ta 2 0 5 ) ( 50nm through 1 50nm thick and 
a layer of silicon dioxide (Si02), 70nm through 200nm thick. 

[0163] A specific example of this preferred embodiment is shown. It shows respective examples of the grating struc- 
ture and its polarization splitting characteristic obtained by the computer simulation test that has been conducted when 
light is inputted. Figs. 20 and 21 show a structure example of the grating structure and its polarization splitting char- 
acteristic, respectively. 
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[0164] The grating structure shown in Fig. 20 is formed by piling a dielectric film 1 08, 87nm thick, made of titanium 
dioxide (Ti0 2 ), a dielectric film 1 09, 132nm thick, made of silicon dioxide (Si0 2 ) and a dielectric film 1 1 0, 87nm thick, 
made of titanium dioxide (Ti0 2 ) on the surface of a convex triangular dielectric grating 107, whose period and groove 
depth are 0.55ujn and 0.275u,m, respectively, in that order. 

[0165] Fig. 21 shows the respective wavelength dependency of the refractive index (Rs) of a polarized component 
in parallel to the direction of the grating, and the transmissivity (Tp) of a polarized component perpendicular to the 
direction of the grating obtained when light with a wavelength in the visible range is vertically inputted to this grating 
structure. The average Rs and Tp in the wavelength range of 0.4um through 0.7u,m are 0.77 (Rs=0. 77) and 0.85 
(Tp=0.85), respectively. 

[0166] This means that, of light with a wavelength in the visible range, polarized light p transmits through the grating 
structure at a high rate of 0.85, and polarized light s is reflected at a high rate of 0.77. A good polarization splitting 
characteristic can be obtained across the entire visible wavelength range. Therefore, the polarization splitting means 
10 using the grating structure of this preferred embodiment can be adopted in both cases of a white light source and 
a monochrome light source. 

[0167] In the structure, each of the dielectric films 1 08 and 110 can also be a dielectric film made of tantalum pen- 
taoxide (Ta 2 O s ). 

[0168] Furthermore, a dielectric film of silicon monoxide (SiO) Onm through 100nm thick can also be disposed be- 
tween the dielectric film 1 08 of titanium dioxide (Ti02) or silicon dioxide (Si0 2 ) and the surface of the grating structure 
107. 

[0169] These facts have been all found by computer simulation tests and experiments of the applicant. The values 
to be selected should be appropriately designed /selected based on the situation of each grating structure. 
[01 70] Next, another specific example of this preferred embodiment is described. It shows respective examples of 
the grating structure and its polarization splitting characteristic obtained by the computer simulation test conducted 
when light is inputted. Figs. 22 and 23 show a structure example of the grating structure and its polarization splitting 
characteristic, respectively. 

[0171] The grating structure shown in Fig. 22 is formed by piling a thin titanium dioxide (Ti0 2 ) film 112, 132nm thick, 
a thin silicon dioxide (Si0 2 ) film 1 1 3, 1 70nm thick and a thin titanium dioxide (Ti0 2 ) film 114,11 8nm thick on the surface 
of a convex sine-wave dielectric grating 111 , whose period and groove depth are 0.6u,m and 0.24^m, respectively, in 
that order. 

[0172] Fig. 23 shows the respective wavelength dependency of the refractive index (Rs) of a polarized component 
in parallel to the direction of the grating and the transmissivity (Tp) of a polarized component perpendicular to the 
direction of the grating obtained when light with a wavelength in the visible range is vertically inputted to this grating 
structure. The average Rs and Tp in the wavelength range of 0.4um through 0.7ujti are 0.63 (Rs=0.63) and 0.91 
(Tp=0 .91), respectively. 

[01 73] This means that, of light with a wavelength in the visible range, polarized light p transmits through the grating 
structure at a high rate of 0.91, and polarized light s is reflected at a high rate of 0.63. A good polarization splitting 
characteristic can be obtained across the entire visible wavelength range. Therefore, the polarization splitting means 
10 using the grating structure of this preferred embodiment can be adopted in both cases of a white light source and 
a monochrome light source. 

[0174] In the structure, each of the dielectric films 112 and 114 can also be a dielectric film of tantalum pentaoxide 
(Ta 2 O s ). 

[0175] In the above structure, each of the dielectric films 112 and 114 can also be made of silicon dioxide (Si0 2 ), 
and the dielectric film 113 can also be made of titanium dioxide (Ti0 2 ) or tantalum pentaoxide (Ta 2 O s ). 
[0176] Furthermore, a dielectric film of silicon monoxide (SiO) Onm through 100nm thick can also be disposed be- 
tween the dielectric film 112 

of titanium dioxide (Ti02) or silicon dioxide (Si0 2 ) and the surface of the grating structure 111. 
[01 77] These facts have ail been found by computer simulation tests and experiments of the applicant. Which values 
are selected should be appropriately designed /selected based on the situation of individual grating structure. 
[0178] Next, the manufacturing method of such a grating structure is described. 

[0179] Figs. 24 and 25 show the structure of the grating structure and its manufacturing method, respectively. The 
structure shown in Fig. 24 is composed of multi-layer films. In Fig. 24, reference number 115 represents a dielectric 
grating, being a transparent base material, and reference numbers 116, 117, 118 and 119 represent first, second, third 
and fourth film, respectively, each of which is made of a substance with a different refractive index between adjacent 
layers. 

[0180] The grating structure is manufactured by repeating a solvent eliminating process one or more times after 
disposing a substance having a first refractive index, diluted by a first solvent, to a dielectric grating, being a transparent 
base material, the cross section of whose surface unit is a rectangle, a trapezoid, a triangle, a sine wave or a combination 
of a plurality of such convex parts, by a spin coating method or a roll coating method. This manufacturing method is 



18 



EP 1 347 315 A1 



described below with reference with Fig. 25. 

[0181] In Fig. 25, a multi-layer film is formed on a dielectric grating 115 the cross section of whose surface unit is a 
triangle. As shown in Fig. 25A f liquid 120 obtained by diluting a substance, having a first refractive index, with a first 
solvent is applied to the dielectric grating 115. In this case, for example, according to the spin coating method, liquid 
120 is dropped on the dielectric grating 115 and is spread all over the surface of the dielectric grating 115 by rotating 
the grating 115. 

[0182] Fig. 25B shows the grating 115 obtained by eliminating the first solvent by applying a drying process to it. 
Thus, a first-layer film 116 is formed. Then, as shown in Fig, 25C, a second layer is formed using liquid 121 obtained 
by diluting a substance having a second refractive index with a solvent. In this case, the solvent can be the first solvent 
or a different second solvent. Then, as shown in Fig. 25D, a second-layer film 117 is formed by applying a drying 
process to it. By performing the process described above a plurality of times, adesired laminated structure can be 
formed. 

[0183] In this example, a method for diluting a substance that forms a layer, with a solvent and disposing it on the 
grating is described. However, alternatively, a substance whose refractive index is different between adjacent layers 
can also be formed on a transparent base material whose cross section is a rectangle, a trapezoid, a triangle, a sine 
wave or a combination of a plurality of such convex parts, by an evaporation method, a sputtering method or an ion 
plating method. 

[0184] So far the polarization splitting means 10 of this preferred embodiment has been described. However, alter- 
natively, the convex part with a multi-stepped shape approximate to a sine wave or a triangle (see Fig. 17) can also 
be used as the dielectric grating. 

[0185] Next, the sixth preferred embodiment of the present invention is described. 

[0186] In this preferred embodiment, as in the fourth and fifth preferred embodiments, another polarization splitting 
means 10 is described in more detail than those of the first through third preferred embodiments. 
[0187] The polarization splitting means 1 0 of this preferred embodiment is a grating structure obtained by piling one 
surface layer made of a substance having a prescribed refractive index or a plurality of surface layers formed by piling 
substances each with a different refractive index between adjacent layers on the convex part of a dielectric grating 
formed by periodically repeating a transparent dielectric material. The cross section of the dielectric grating of this 
grating structure is formed by periodically repeating the convex part of a rectangle, a trapezoid, a triangle or a sine- 
wave shape or a combination of a plurality of such convex parts. 

[0188] This grating structure sometimes can be directly formed in the light guiding means 40. Sometimes the grating 
structure can be formed on a transparent substrate and be disposed in the light guiding means 40. Sometimes the 
grating structure can be formed on a transparent film and be disposed in the light guiding means 40. 
[0189] Figs. 26 and 27 show the respective cross sections of such structures. Reference numbers 122 and 123 in 
Figs. 26 and 27 represent dielectric gratings, being transparent base materials, and reference numbers 116, 117, 118 
and 119 represent first-layer film, second-layer film, third-layer film and fourth-layer film, respectively, whose refractive 
index are different between adjacent layers. 

[0190] It is preferable for the period and groove depth of the periodically repeated structure of the grating structure 
shown in Figs. 26 and 27 to be between 0.3u/n and 0.8u/n, and between 0.2u.m and 0.5u.m, respectively. It is preferable 
for the periodically repeated structure to be formed by alternatively piling a layer of titanium dioxide (Ti0 2 ) or tantalum 
pentaoxide (Ta 2 0 5 ), 50nm through 150nm thick and a layer of silicon dioxide (Si0 2 ), 70 through 200nm thick on the 
surface as a surface layer. It is preferable for the grating structure to have a silicon monoxide (SiO) layer 0 nm through 
100nm thick between the T10 2 layer or Si0 2 layer and the grating structure surface. 

[0191] The manufacturing method of such a grating structure id described below. Fig. 28 shows the manufacturing 
method of the grating structure. Liquid 121 obtained by diluting a substance having a first refractive index, with a first 
solvent, is applied to the trapezoidal dielectric grating 123, being a transparent base material shown in Fig. 28A (Fig. 
28B). Then, a first-layer film 116 is formed by applying a drying process to the substance (Fig. 28C) . Then, the first- 
layer film having the first refractive index of the dielectric grating 123 remains only on the concave part by eliminating 
the substance on the convex surface (Fig. 28D). Thus, the structure shown in Figs. 26 and 27 can be approximately 
formed. 

[0192] This grating structure shows, for example, the same characteristic as shown in Figs. 21 and 23, and it is 
experimentally confirmed that the grating structure reflects/transmits all segments of light with a wavelength in the 
entire visible range of 0.4fim through 0.7um 

[0193] A good polarization splitting characteristic can be obtained all over the entire wavelength visible range as in 
the fifth preferred embodiment. Therefore, the polarization splitting means 1 0 using the grating structure of this preferred 
embodiment can be adopted in both cases of. white light source and a monochrome light source. Accordingly, in this 
preferred embodiment, such a grating structure can be used for the polarization splitting means 10. 
[01 94] So far the polarization splitting means 1 0 of this preferred embodiment has been described. Alternatively, the 
concave part of a multi-stepped shape approximate to a sine wave or a triangle (see Fig. 17) can be used as the 
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dielectric grating. 

[0195] Next, the seventh preferred embodiment of the present invention is described. 

[0196] In this preferred embodiment, as in the fourth, fifth and sixth preferred embodiments, another polarization 
splitting means 10 is described in more detail than those of the first through third preferred embodiments. 
5 [01 97] The polarization splitting means 1 0 of this preferred embodiment is a grating structure is composed of gratings 
formed by periodically repeating a convex part formed by piling substances each having a different refractive index 
between adjacent layers. The cross section of the dielectric grating of this grating structure is formed by periodically 
repeating the convex part of a rectangle, a trapezoid, a triangle or a sine-wave shape or a combination of a plurality 
of such convex parts. 

io [0198] Figs. 29 and 30 show the respective cross sections of such structures. Reference numbers 124 and 125 in 
Figs. 29 and 30, respectively, represent dielectric gratings, being transparent base materials, and reference numbers 
116, 117, 118 and 119 represent first-layer film, second-layer film, third-layer film and fourth-layer film, respectively, 
whose refractive index are different between adjacent layers. 

[0199] A good polarization splitting characteristic can be obtained all over the entire visible wavelength range as in 
the fifth preferred embodiment. Therefore, the polarization splitting means 1 0 using the grating structure of this preferred 
embodiment can be adopted in both cases of white light source and a monochrome light source. 
[0200] This grating structure sometimes can be directly formed in the light guiding means 40. Sometimes the grating 
structure can be formed on a transparent substrate and be disposed in the light guiding means 40. Sometimes the 
grating structure can be formed on a transparent film and be disposed in the light guiding means 40. 
[0201] Next, the manufacturing method of the grating structure shown in Figs. 29 and 30. 

[0202] Firstly, a multi-layer film is formed on the surface of a dielectric grating by coating liquid obtained by diluting 
a substance having a first refractive index with a first solvent on a substance having a different refractive index, by the 
spin coating method or the roll coating method described earlier, applying a drying process to it and then by repeatedly 
applying a series of processes of eliminating the first solvent to it. Then, the grating structure shown in Figs. 29 and 

30 is formed by performing the emboss process of the multi-layer film formed thus, using a mold whose structure fits 
with a desired structure. In this case, substances each having a different refractive index between adjacent layers can 
also be formed into such a multi-layer film by an evaporation method, a sputtering method or an ion plating method. 
[0203] Next, the eighth preferred embodiment of the present invention is described. 

[0204] In this preferred embodiment, as in the fourth, fifth, sixth and seventh preferred embodiments, another polar- 
ization splitting means 10 is described in more detail than those of the first through third preferred embodiments. Figs. 

31 and 33 show the respective cross sections of such structures. Figs. 32 and 34 show the polarization splitting char- 
acteristics of the respective grating structures. 

[0205] The polarization splitting means 10 of this preferred embodiment is a grating structure composed of metallic 
gratings formed by periodically and repeatedly piling a metallic material on the surface of a dielectric grating formed 
by periodically and repeatedly piling a transparent dielectric material In particular, a second grating structure made of 
a metallic material is composed of a metallic thin film having a refractive index of 60% or more. The metallic thin film 
of this metallic grating is a single compound of Mg, Se, Y, Ti, Cr, Mo, Mn, Fe, Co, Ni, Ru, Pt, Cu, Ag, Au, Zn, Al, In, Si, 
Ge, Te, Pb or Sn, or an alloy of two or more of such elements. It is preferable for the element to be Al, Ag or Au, or 
their alloy. 

[0206] The cross section of the dielectric grating of this grating structure is formed by periodically repeating the 
convex part of a rectangle, a trapezoid, a triangle or a sine-wave shape or a combination of a plurality of such convex- 
parts and preferably is formedbyperiodically repeating the convex part of a rectangle, a trapezoid, a triangle or a sine- 
wave shape. It is also preferable for the grating period and groove depth of grating to be 0.4ujti or less and 0.2u,m or 
less, respectively. Alternatively, the convex part of the dielectric grating of the grating structure can be formed by 
combining a basic shape with a plurality of minute shapes. 

[0207] This grating structure sometimes can be directly formed in the light guidingmeans 40. Sometimes the grating 
structure can be formed on a transparent substrate and be disposed in the light guiding means 40. Sometimes the 
grating structure can be formed on a transparent film and be disposed in the light guiding means 40. 
[0208] In this preferred embodiment, as shown in Fig. 31, such a grating structure is specifically formed by piling 
aluminum 127, being a metallic grating that is made of a metallic material and is formed in a period equal to or less 
than the wavelength of light on the surface of a rectangular grating 126, being a dielectric grating that is made of a 
transparent dielectric material and is formed in a period equal to or less than the wavelength of light. 
[0209] Next, a specific example of a computer simulation test on a polarization splitting characteristic obtained when 
light is inputted to this grating structure, is described. The grating structure shown in Fig. 31 is formed by piling aluminum 
127, 20nm thick on the concave part of the rectangular grating 126, whose period p and groove depth of grating d are 
0.2u.m (p=0.2nm) and 0.1u.m (d=0.1nm), respectively. Fig. 32 shows the respective wavelength dependency of the 
refractive index (Rs) of a polarized component in parallel to the grating direction and the transmissivity (Tp) of a polarized 
component perpendicular to the grating direction obtained when light with a wavelength in the visible range is vertically 
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inputted to this grating structure. As a result, Rs=0.76 and Tp=0.4 are obtained as average values in the wavelength 
range of 0.4u,m through 0.7u.m. 

[0210] This means that, of light with a wavelength in the visible range, polarized light p transmits the grating structure 
at the efficiency of approximately 0.6 and polarized light s is reflected at the efficiency of approximately 0.4. In this 
case, a good polarization splitting characteristic can be obtained across the entire visible wavelength range. Therefore, 
the polarization splitting means 10 using the grating structure of this preferred embodiment can be adopted in both 
cases of white light source and a monochrome light source. Thus, such a grating structure can perform the same 
function as that in the fourth through seventh preferred embodiments. 

[021 1 ] Fig. 33 shows another example of the grating structure that is formed by piling aluminum 1 29, being a metallic 
grating that made of a metallic material and formed in a period equal to or less than the wavelength of light on the 
surface of a triangular grating 128, being a dielectric grating that is made of a transparent dielectric material and is 
formed in a period equal to or less than the wavelength of light. 

[0212] Aluminum 129, 20nm thick is formed on one slanting side of a triangular grating 128, whose period p and 
groove depth of grating d are 0.08um (p=0.08u.m) and 0.04u.m (d=0.04u.m), respectively. 

[0213] Fig. 34 shows the respective wavelength dependency of the refractive index (Rs) of a polarized component 
in parallel to the direction of the triangular grating 128 and the transmissivity (Tp) of a polarized component perpen- 
dicular to the grating direction obtained when light in a visible wavelength range is vertically inputted to this grating 
structure. As a result, Rs=0.5 and Tp=0.77 are obtained as average values in the wavelength range of 0.4um through 
0.7um 

[021 4] This means that, of light with a wavelength in the visible range, polarized light p transmits the grating structu re 
at the efficiency of approximately 0.6 and polarized light s is reflected at the efficiency of approximately 0,77. In this 
case, a good polarization splitting characteristic can be obtained ail over the entire visible wavelength range. Therefore, 
the polarization splitting means 10 using the grating structure of this preferred embodiment can be adopted in both 
cases of white light source and a monochrome light source. 

[0215] Thus, such a grating structure can perform the same function as that in the fifth through seventh preferred 
embodiments (can be used in both cases of a white light source and a monochrome light source). 
[0216] Next, the ninth preferred embodiment of the present invention is described. 

[0217] In this preferred embodiment, as in the fourth, fifth, sixth, seventh and eighth preferred embodiments, another 
polarization splitting means 1 0 is described in more detail than those of the first through thirdpreferred embodiments. 
[0218] The polarization splitting means 10 of this preferred embodiment is a grating structure composed of metallic 
gratings formed by periodically and repeatedly piling a metallic material. 

[0219] This grating structure sometimes can be directly formed in the light guidingmeans 40. Sometimes the grating 
structure can be formed on a transparent substrate and be disposed in the light guiding means 40. Sometimes the 
grating structure can be formed on a transparent film and be disposed in the light guiding means 40. 
[0220] In particular, this grating structure is composed of metallic gratings composed of a metallic thin film having a 
refractive index of 60% or more. The metallic thin film of this metallic grating is a single compound of Mg, Se, Y, Ti, Cr, 
Mo, Mn, Fe, Co, Ni, Ru, Pt, Cu, Ag, Au, Zn, Al, In, Si, Ge, Te, Pb or Sn, or an alloy of two or more of such elements. 
It is preferable for the thickness of the metallic thin film of the metallic grating, the grating period T and the grating width 
to be 0.05u,m or more, between 0.05ujn and 0.25nm, being equal to or less than the wavelength of light, and to be in 
the range of 0.25T through 0.85T of the period T, respectively. 

[0221] It is preferable to form a foundation layer at the bottom surfaces of the light guiding means, the transparent 
substrate or the transparent film, and the metallic grating and to form a protection film on the surfaces of both the 
metallic grating and the foundation layer. 

[0222] The metallic grating can be formed on the surface of the light guiding means, the transparent substrate or the 
transparent film and the metallic grating through a mask having a striped grating pattern by an evaporation method, a 
sputtering method, an ion plating method or a dry edging method. 

[0223] In particular, if a metallic grating composed of a metallic thin film is formed on the top surface of a transparent 
film, the grating structure is formed by forming the metallic grating on the transparent film, expanding the transparent 
film in the stripe direction, to form a minute pattern out of the metallic grating, and pasting the pattern on the light 
guiding means or the transparent substrate together with the transparent film. 

[0224] Next, such a polarization splitting means 1 0 is described with reference to the drawings. Figs. 35 and 36 show 
the structure of the grating structure and its polarization splitting characteristic, respectively. 

[0225] As shown in Fig. 35, the grating structure comprises a metallic grating 131 , which is composed of a metallic 
thin film formed in a period p equal to or less than the wavelength of light. Specifically, the metallic grating 1 31 is formed 
by periodically piling a metallic film whose width and thickness are a and d, respectively, on a transparent substrate 
130. In this case, a+b is the same as period p. 

[0226] In order to provide this grating structure with a polarization splitting function, the thickness of the metallic thin 
film, the period of the metallic grating and the width of the metallic grating must be 0.05u,m or more, between 0.05u.m 
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and 0.25u.m equal to or less than the wavelength of light to be transmitted, and in the range of 0.25T through 0.85T of 
the period T, respectively. 

[0227] In this preferred embodiment, the period p and groove depth of grating of the metallic grating 131 are approx- 
imately 200nm and between 100nm and 200nm, respectively. The transmissivity of polarized light p of input light with 
a wavelength in the visible light range of 0.4u.m through 0. 7ujn and the refractive index of polarized light s are maintained 
between 80% and 85% in the visible light wavelength range and 60% or more, respectively. 

[0228] Fig. 37 shows the squint cross-section of another grating structure. In Fig. 37, for the transparent substrate 
132, being the surface unit of the light guiding means 40, a transparent material having a better optical characteristic 
is used although the material Is not especially limited. For example, acrylic resin, polycarbonate resin, amorphous 
polyolefin resin, polyepoxy resin or polyethylene -denatured resin forms the transparent substrate is used. 
[0229] If the grating composed of a metallic thin film 1 34 is formed, which Is described later, the foundation layer 1 33 
is provided in order to improve the adhesive property of the transparent substrate 132 and to prevent damage caused 
when a metallic thin film is formed. However, the foundation layer 133 is not necessarily an indispensable component. 
For the material of the foundation layer 133, ultraviolet radiation type urethane-denatured/epoxy -denatured acrylate 
resin, resin, such as general acrylic acid/methacrylic acid copolymer, polyester, vinyl acetate/acrylic acid copolymer, 
or water-soluble inorganic coating material is used. The foundation layer is formed by coating the material 2ujti or less 
by spin coating, dipping, knife coating or slit reverse coating, and by hardening the material by light or heat. 
[0230] The metallic thin film 1 34 forms the metallic grating. For the metallic thin film 1 34, for example, a compound 
of Mg, Se, Y, Ti, Cr, Mo, W, Mn, Fe, Co, Ni, Ru, Pt, Cu, Ag, Au, Zn, Al, In, Si, Ge, Te, Pb or Sn, preferably a compound 
of Cr, Ni, Pt, Cu, Ag or Al is used. It can be a single compound or an alloy of two or more of such elements. It is 
preferable for the refractive index of the metallic thin film 134 to be 60% or more, and it is better if it is 70% or more. 
[0231] This metallic thin film 1 34 is formed on the grating structure through a mask with a striped grating pattern by 
an evaporation method, a sputtering method, an ion plating method or a dry edging method. The thickness of the 
metallic thin film 134 is 0.05u.m or more. However, if it is too thick, the metallic thin film 134 may drop off the interface 
of the transparent substrate 132 or the foundation layer 133, or may crack. 

[0232] A grating period determined by the metallic thin film 1 34 is between O.OSujti through 0.25u.m equal to or less 
than the wavelength of light, preferably in the range of 0.08u,m through 0.2u.m. 

[0233] Since the surface hardness of the protection film 1 36 must be resistant to damage, it is preferable to form the 
protection film 135 of urethane -denatured/epoxy-denatured multi-functional radiation hardened type acrylate resin or 
a transparent inorganic thin film by a wet method or a dry method as used when forming a metallic thin film. It is 
preferable for the protection film 135 to be 3u.m or less thick. 

[0234] A reflection film 136 is formed on the back surface of the transparent substrate 132. The reflection film 136 
is made of the same compound as or a compound different from the metallic thin film 1 34. The reflection film corresponds 
to the reflection means 30. 

[0235] It is acceptable if this reflection film 136 is formed only on the back surface of the transparent substrate 132. 
However, alternatively, the reflection film 136 can be formed on all surfaces except both a surface that receives input 
light from the light source 2 and a surface that emits light. The forming method of this reflection film 132 (reflection 
means 30) can be applied to other preferred embodiments. 

[0236] Next, a specific example of such an improved preferred embodiment is described. 

[0237] In the structure shown in Fig. 37, firstly, a transparent substrate 132 having a better optical characteristic is 
obtained by applying injection molding to acrylic resin (Parapet H-1000 of Kuraray make) at the resin temperature of 
250°C, at the mold temperature of 70°C and at the maximum injection pressure of 70Mpa using an injection compressor 
(1 OOton a1 OOiA of Fanuc make). A film approximately 0.8u.m thick is formed by coating ultraviolet-hardened type coating 
agent made of epoxy-denatured acrylate resin on the surface of this transparent substrate 132 as the foundation layer 
133 by a spin coating method and by hardening using an ultraviolet ray. 

[0238] An Al metallic thin film 134 (0.1u.m thick) is formed on this foundation layer 133 through a mask with a grating 
pattern. Thus, a metallic grating, whose period and width are 0.15u/n and 0.08u.m, respectively, is obtained. 
[0239] Simultaneously, an Al reflection film 1 36 (0. 1 u.m thick) is formed on the entire back surface of the transparent 
substrate 132. 

[0240] Lastly, a protection film 135 approximately 2pj7i thick is formed by coating ultraviolet-hardened type coating 
agent made of multi-functional epoxy-denatured acrylate resin on the front and back surfaces of a material composed 
of the transparent substrate 132, the foundation layer 133, the metallic thin film 134 and the reflection film 136 and by 
hardening it. 

[0241 ] Next, further improved preferred embodiments are described. Figs. 38 and 39 show the squint cross -sect ions 
of other grating structures. Fig. 40 shows the manufacturing method of a film with a metallic thin film evaporated on it. 
These preferred embodiments also relate to both a light guiding means and a grating structure composed of a metallic 
material. These preferred embodiments are obtained by improving the material or structure of the grating structures 
shown in Figs. 35 through 37. Specifically, they are obtained by forming a metallic thin film on the top side of a trans- 
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parent film. 

[0242] The grating in another improved preferred embodiment, shown in Fig. 38 is specifically obtained by periodically 
piling a metallic thin film (metallic grating) 139 whose width and thickness are a and d, respectively, on a transparent 
film 142 formed on a transparent substrate 137. In this case, a+b is equal to period p. 

[0243] The metallic thin film 139 is a single compound of Mg, Se, Y, 71, Cr, Mo, W, Fe, Co, Ni, Ru, Pt, Cu, Ag, Au, 
Zn, Al, In, Si, Ge, Te, Pb or Sn, or an alloy of two or more of such elements. 

[0244] The grating structure composed of this metallic thin film is structured in such a way that its refractive index 
may be 60% or more. Specifically, the thickness of the metallic thin film, the grating period and grating width are set 
to be 0.05ujn or more, between O.OSum and 0.25^im equal to or less than the wavelength of light and between 0.25T 
and 0.85T of period T, respectively. 

[0245] Next, the detailed structure of this Improved preferred embodiment is described. In Fig. 39, a foundation layer 
138 is formed on a transparent film 142 made of polyester resin, polyethylene resin or vinyl-denatured resin, and as 
in the structure shown in Fig. 37, a metallic thin film 139 with a grating structure is formed on the foundation layer 138. 
In this case, the material of the transparent film is not limited to that described above. 

[0246] A material composed of the transparent film 142, the foundation layer 138 and the metallic thin film 139 is 
adhered on the transparent substrate 137. Lastly, a protection film 140 and a reflection film 143 are formed. 
[0247] In this case, alternatively, the metallic thin film 139 can be formed on the transparent film 142 through the 
foundation layer 138 and can be directly adhered on the transparent substrate 137. 

[0248] As shown in Fig. 40A, the metallic thin film 139 is formed on this transparent film 142 by evaporating the 
metallic thin film 139 on a film base material 144. In this case, the width and period of the metallic thin film 139 shown 
in Fig. 40A are larger than the width a and period p ( respectively. If such a film base material 144 is expanded in the 
direction of the arrow mark shown in Fig. 40A, as shown in Fig. 40B, the film base material 144/metallic thin film 139 
are transformed into the transparent film 142/metallic thin film 139 whose width and period are a and p, respectively, 
as shown in Fig. 38. 

[0249] In this case, in order to make the grating structure pattern more minute, the grating structure can also be 
pasted on the transparent substrate 137 after expanding the grating structure in the strip direction of the grating at a 
temperature equal to or less than the glass dislocation temperature (Tg) of the resin of the transparent film 142. 
[0250] Next, the more detailed structure of this improved preferred embodiment is described. 
[0251] In the grating structure shown in Fig. 39, a film of a vinyl coating agent, approximately 1u.m thick, is formed 
on the transparent film 142 (of Toray make) made of PET (poly terephtalate chloride) as the foundation layer 138 by 
a slit reverse coating method, and the grating-shaped metallic thin film 139 made of Au is formed on the film by the 
same sputtering method as shown in Fig. 37. Then, a grating structure whose period and width are 0.2u.m and 0.1 jxm, 
respectively, is obtained by expanding the transparent base material in the stripe direction at a temperature equal to 
or less than the glass dislocation temperature (Tg). 

[0252] Furthermore, a film on the output side is formed by forming the protection film 140 in the same structure as 
shown in Fig. 37. 

[0253] Then, the reflection film 143 made of Au is formed on the bottom surface of the transparent substrate 137 
made by applying injection molding as described above, and lastly the formed films are adhered together using reaction 
type acrylic adhesives 141. 

[0254] In the preferred embodiments shown in Fig. 37 and 38 too, a polarized component orthogonal to a metallic 
grating composed of metallic films 134 and 139 transmits through the metallic grating. Light in parallel to the metallic 
grating is reflected on the metallic grating and is returned to the inside of the transparent substrates 1 32 and 1 37, and 
is multiply reflected between the reflection films 136 and 143 and the metallic grating composed of the metallic thin 
films 134 and 139. 

[0255] While light reflected on the grating thus is repeatedly reflected in the transparent substrates 132 and 137, the 
polarization converting means, which is not shown in Figs. 37 and 39, converts its polarization status and generates 
light having a variety of polarization statuses. Then, the light having a variety of polarization statuses re-enters the 
grating, and a polarized component orthogonal to the grating transmits the grating as described above. 
[0256] As a result, a polarized component orthogonal to the grating, composed of metallic films 1 34 and 1 39 transmits 
through the metallic grating, and polarized light can be efficiently extracted from light inputted to the transparent sub- 
strates 132 and 137. 

[0257] As shown in the polarization splitting characteristic chart of Fig. 36, of light with a wavelength in the visible 
range, polarized light p transmits through the metallic grating at the rate of approximately 0.6 units and polarized light 
s is reflected by it at the rate of approximately 0.77 units. Thus, a good polarization splitting characteristic can be 
obtained across the entire visible wavelength range. Therefore, the polarization splitting means 10 using the grating 
structure of this preferred embodiment can be adopted in both cases of a white light source and a monochrome light 
source. 

[0258] Such a grating can perform the same function as that in the third through eighth preferred embodiments. 
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[0259] The preferred embodiments using a variety of polarization splitting means 10 have been described as the 
third through ninth preferred embodiments. 

[0260] It is preferable for the grating structure composed of a dielectric (the fourth preferred embodiment) of these 
to be used only in the case of a monochrome light source (which emits light with a single wavelength). Other grating 
structures (the fifth through ninth preferred embodiments) can be used in both cases of a monochrome light source 
and a white light source (which emits light that is recognized to be white to human eyes by combining a plurality of 
segments of light each with a different wavelength). This polarization splitting means 10 can be selected in accordance 
with the used purpose of the light guiding plate. 

[0261] Next, the polarization converting means 20 and the light guiding means 40 in the tenth preferred embodiment 
are comprehensively described. Although there is a variety of the polarization converting means 20, this preferred 
embodiment adopts particularly one utilizing the double-refraction distribution of a resin. Most of the conversion from 
polarized light s into polarized light p is made by the double refraction in a light gu iding path of the light guiding means 40 . 
[0262] Conventionally, double refraction is recognized not to be preferable at all. For example, optical devices that 
transmit light, such as so-called plastic lenses, etc., require an uniform optical characteristic, while in molding, efforts 
are made so as to reduce double refraction which is caused when molding an optical disk. 

[0263] In this preferred embodiment, attention is paid to the fact that even double refraction caused when normally 
molding resin, converts polarized light and realizes the effects of the present invention. In this preferred embodiment, 
the double refraction caused when molding resin, which is conventionally reduced, is intentionally increased to further 
improve the conversion efficiency between polarized light s and polarized light p. 

[0264] In this preferred embodiment, when making the light guiding means 40 from resin, double refraction is dis- 
tributed in such a way as to provide a prescribed double-refraction phase difference distributed in the light guiding 
means 40, the polarization converting means 20 is manufactured together with the light guiding means 40. Thus, the 
simplification and thinness of structure, the labor-saving of a manufacturing process, the reduction of a manufacturing 
cost, etc. are attempted. 

[0265] In this preferred embodiment, the light guiding means 40 is molded by applying injection molding to macro- 
molecular resin. At the time of this injection molding, double-refraction distribution, which is used as the polarization 
converting means 20, is incorporated. 

[0266] The manufacturing method is described below. In normal Injection molding, a molded product In a target shape 
is obtained by melting macromolecular resin so as to be molded, and cooling/hardening the melted resin after filling it 
in the cavity of a mold at a high speed and at a high temperature. 

[0267] In this case, stress and distortion inevitably remain in the molded product for the reasons that resin is a 
viscoelastic substance that the flowing and cooling of resin simultaneously occur and that resin is not uniformly cooled 
since the heat conductivity of resin is low. In that case, there is the possibility that warps and sinks may occur in the 
molded resin product. 

[0268] The viscosity in the vicinity of a mold wall on the opposite side of an injection hole in the cavity increases 
because high-temperature resin suddenly hits a low-temperature mold wall, and its transcriptive character (molding 
shape trackability) degrades. Therefore, if the molded product has a part where, for example, many narrow grooves 
(for example, convex parts in the grating structure of the polarization splitting means 10) are provided in parallel, there 
is the possibility that a prescribed structure may not be accurately obtained. 

[0269] Since the difference in temperature between resins that hit the mold wall and the side wall is large, layers 
each with a different viscosity in resin are generated. Therefore, a shearing force occurs and a layer in which the 
macromolecular chain of resin is highly oriented (hereinafter simply called a "skin layer") is formed. As a result, double 
refraction and refractive index vary locally. 

[0270] In view of this characteristic, the light guiding means 40 must be formed without molding byproducts, such 
as warps, sinks, short shots (insufficient injection), weld lines (insufficient fusion), etc., and a skin layer with a prescribed 
amount of double refraction must be formed. 

[0271 ] In order to meet the conditions described above, cooling speed, resin temperature and molding pressure must 
be adjusted. In particular, while poor molding is avoided by increasing both resin temperature and molding pressure, 
the difference in temperature between resin on the wall and the side wall must be increased particularly in order to 
generate a skin layer. 

[0272] The applicant has earnestly repeated experiments and has succeeded in inventing an injection molding meth- 
od having double-refraction distribution that meets the prescribed amount of double refraction. 
[0273] For the injection molding machine, 100ton a100iA of Fanuc make, which can mold melted resin by applying 
high pressure, was used. For the material, polycarbonate (Panlite of Teijin make), which is resin that can form double- 
refraction distribution, was used. 

[0274J Then, the light guiding plate 1 (64mm long, 64mm wide and 0.9mm thick) shown in Figs. 1 and 2 was generated 
by applying 142Mpa (1 ,450kgf/cm 2 ) higher than conventional pressure as the molding pressure at the resin and mold 
temperature of 300°C and 112°C, respectively. In this case, double refraction is formed in the light guiding means 40, 
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based on the anisotropy and orientation of the resin. 

[0275] The double-refraction distribution in this case is described below. 

[0276] Figs. 41 through 43 show the double-refraction distribution characteristic of a light guiding means. In this 
double-refraction distribution, a double -refraction phase difference is provided to light with a wavelength of 550nm. 
The double refraction is formed in the direction perpendicular to the grating surface of the light guiding means. 
[0277] In a normal molded resin product, as shown in Fig. 41, double-refraction distribution is suppressed /controlled 
in such a way that the double-refraction phase difference may be 30° or less across the entire cross section of the light 
guiding means. However, in this preferred embodiment where a product is manufactured under the manufacturing 
conditions described above, the double-refraction phase difference, with which light to be transmitted is provided, 
meets condition 3 of G 3 +n-180° (60°£G 3 £1 20° , n: integer), as shown in Fig. 42. 

[0278] As shown in Fig. 43, although a part of the double-refraction phase difference, which the double-refraction 
provides to light to be transmitted s, deviates from 6 3 +n-180° (60°^e 3 £l20°, n: integer), 60% of the area of the polar- 
ization converting means meets condition 3. The double-refraction phase difference also meets conditions 1 and 2 
satisfactorily. 

[0279] Thus, double-refraction functions as the polarization converting means of the present invention. 
[0280] For the resin that enables a skin layer to generate double refraction, besides polycarbonate, acrylic resin 
(polymethylmetacrylate (PMMA)), acrylonitrile /styrene resin (AS), epoxy resin (EP) or olefin resin (olefin elastomer 
(TPO)) can be used. Alternatively, acrylic resin, olefin resin, amorphous polyolefin resin, polyepoxy resin or polystyrene- 
denatured resin can be used. 

[0281] Alternatively, a polymer alloy obtained by mixing two of the plurality of segments of resins or a polymer alloys 
obtained by mixing such resins with an additive, such as an ultraviolet ray absorbent, can be used. For example, resin 
obtained by adding Si0 2 to acrylic resin as an additive, can be used. 

[0282] Alternatively, a mixed crystal polymer obtained by mixing a main material with a prescribed amount of resin 
polymer (minute styrene beads or liquid crystal polymer) different from the main material, can be used. 
[0283] Such resin provides a double refractive area of styrene beads or liquid crystal polymer in addition to the double 
refraction of a skin layer, and accordingly it can Increase the amount of double refraction. 

[0284] In this preferred embodiment, an injection molding method/cast molding method, an extrusion molding meth- 
od, an expansion molding method, a roll molding/roll painting method, a transfer molding method, a reaction injection 
method (RIM), a 2P molding method or a cast molding method can be used to generate a light guiding means. In the 
generation of a light guiding means, an additive, such as discoloration inhibitor/oxidation inhibitor, ultraviolet ray ab- 
sorbent, rubber surface lubricant can be mixed, if necessary. 

[0285] Next, the reflection means 30 as the eleventh preferred embodiment is described. 

[0286] Unnecessary light is prevented from leaking from the light guiding means 40 by providing the reflection means 
30 for the entire surface or part of it except a surface through which light is inputted and a surface on which the 
polarization splitting means 10 is formed of the light guiding means 40. 

[0287] As a specific example of this reflection means 30, there is a diffusive hologram, part of which or the whole of 
which is composed of minute convex/concave parts and which diffuses/reflects light toward the polarization splitting 
means 10. 

[0288] This diffusive hologram is described below. Fig. 44 shows the principle of a diffusive hologram. The diffusive 
hologram shown in Fig. 44 is planar and is disposed on the xy-plane of an orthogonal coordinate system. Alternatively, 
the diffusive hologram is refractive and has the following phase difference distribution represented by P^fx). 

P300W = modla^. mod[P 320 (x) - P310W + C 320- "I 
+ 3330- modlP^ofx) - P 310 (x) + C 330 , 71] +■ mod[P 310 (x) + C 310 , 

"].«] (3) 

(in the above equation, x is a vector indicating a position on the diffusive hologram, C 310 , C 320 and C 330 are constants, 
and a 320 and a 330 are constants that meet 0<a 320 and a 330 <1.) However, P 310 (x), P 32 o( x ) and P^x) in the above 
equation are expressed as follows. In the following equations, X is the wavelength of input light/output light and x 0 is 
a potential vector indicating a reference position set on a diffusive hologram, x^q, x 310 , x 320 and x^ are the potential 
vectors of points S3, U3, V3 and W3, respectively, shown in Fig. 44. These four points are all positioned on the negative 
side of the z-axis. 

P310M = 0 x 3io • xl + Ix - x^l - lx 310 - x 0 l - lx 0 
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P 32 0(*). = 0 X 320 " Xl + IX - X^l - IX 320 - X Q I - IX Q 

" x^O-n/X, 

P330M = 0 X 330 ' Xl + IX - X-jqqI - 1X330 - X Q I - 

lx 0 ■ XaooO-n/X (4) 

[0289] A diffusive hologram 31 having this phase difference distribution P 300 (x) simultaneously causes polarization 
by phase difference distribution P 310 (x) and that by phase difference distribution P320M. In other words, when light 
300 with a wavelength X that passes through point S3 and is emitted, is inputted, the light is branched/polarized, and 
light 310 that goes toward point U3 and focuses, light 320 that goes toward point V3 and focuses on it, and light 330 
that goes toward point W3 and focuses on it, are emitted. In this case, the strength ratio of each segment of output 
light is based on the values of a 320 and a 330 in equation (3). 

[0290] Phase difference distribution P 300 (x, y) can be realized by a diffusive hologram 31 having a surface indicated 
by shape distribution D' 300a in the z-axis direction, expressed by the following equation (5). In this case, the refractive 
index of a medium around the diffusive hologram 31 is 1. 

D 300a( x . y) = -^•(^•PsOoO*. W (5) 

[0291] When light 300 with a wavelength X that passes through point S3, being a light source, and is emitted, is 
inputted to the diffusive hologram generated thus, the light is branched/polarized, and light 310 that goes toward point 
U3 and focuses on it, light 320 that goes toward point V3 and focuses on it, and light 330 that goes toward point W3 
and focuses on it, are emitted. Therefore, the light can be controlled in such a way as to be diffused/reflected in a 
desired direction. 

[0292] By further forming a metallic reflection film on this diffusive hologram 31 , its refractive index is further improved. 
The metal is a single compound of Mg, Se, Y, Ti, Cr, Mo, W, Mn, Fe, Co, Ni, Ru, Pt, Cu, Ag, Au, Zn, Al, In, Si, Ge< Te, 
Pb and Sn or an alloy of two or more of such elements. An Al, Au or Ag thin film is the most preferable if costs are 
taken into consideration. In the case of an Al or Ag thin film, it is preferable to form a protection film in order to prevent 
the film from being damaged due to oxidation and corrosion. 

[0293] Alternatively, as such a reflection means 30, a dielectric multi-layer film can be formed. 

[0294] Furthermore, a metallic thin film is formed on this dielectric multi-layer film in order to improve its refractive 

index. 

[0295] Alternatively, as such a reflection means 30, a reflection pattern can be printed. Fig. 45shows an example of 
such a printed reflection pattern. 

[0296] Alternatively, as such a reflection means 30, a scattering surface (coarse surface formed on a reflection sur- 
face by sand blasting/corrosion using chemicals) can be used. 

[0297] Luminance improvement ratios were compared and evaluated using the light guiding plate described above. 
The comparison table is described below. Fig. 46 shows the comparison/evaluation of luminance improvement ratios. 
[0298] A double-refraction phase difference that meets conditions 1 , 2 and 3 described above is provided, and the 
respective luminance improvement ratios of the light guiding plate according to the present invention obtained when 
a double-refraction phase difference is 40°, 60°, 70° and 85° to those of conventional light guiding plate have been 
calculated. It is assumed that the single wavelength of light emitted from a light source, the period of a dielectric grating 
P, the groove depth of the grating d and the period of a metallic grating P are 630nm, 0.6^m (P=0.6^m) t 0.3u,m 
(d=0.3u.m) and 0.2nm (P=0.2u.m), respectively. The luminance improvement ratio of the light guiding plate to that of 
the conventional light guiding plate can be calculated by assigning Tp, Rs, ti and R to the following equation (6). 
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0.5xT +0.5x1? xrfxRxT 

Luminance improvement ratio =» — — 

0.5 

• • • (6) 



In the above equation, Tp, Rs, r\ and R are the polarized light p transmissivity, the polarized light s refractive index, 
the polarization s/p conversion factor of a polarization splitting means and the ratio of the refractive index of a light 
guiding plate reflection surface to that of a conventional one, respectively. A divisor 0.5 of the denominator means that, 
of light emitted from the conventional light guiding plate, only polarized light p, that is, the half of the light is used. 
[0299] If the polarization splitting means is composed of only dielectric gratings, the Tp, Rs and R of the dielectric 
grating are 0.85, 0.55 and 1, respectively (Tp=0.85, Rs=0.55 and R=1). 

[0300] If in the polarization splitting means, a multi-layer film is formed on a dielectric grating, the Tp, Rs and R of 
the dielectric grating are 0.9, 0.9 and 1, respectively (Tp=0.9, Rs=0.9 and R=1). 

[0301] If in the polarization splitting means, a metallic grating is formed on a dielectric grating, the Tp, Rs and R of 
the dielectric grating are 0.75, 0.6 and 1, respectively (Tp=0.75, Rs=0.6 and R=1). 

[0302] In the case where double-refraction phase differences are 40°, 60°, 70° and 85°, polarization s/p conversion 
factors T) are 0.44, 0.66, 0.77 and 0.94 in the case where double-refraction phase differences are 40° , 60°, 70° and 
85° , respectively, 

[0303] As clearly seen from Fig. 46, it is found that the luminance improvement ratio is enhanced. If a double-refraction 
phase difference of nearly 90° can be provided, the luminance improvement ratio sometimes becomes 1.6, which 
means luminance can be improved by 60%. 

[0304] So far the polarization splitting means 10, polarization converting means 20 and reflection means 30, which 
all are the components of the light guiding plate 1 of the present invention have been described. By appropriately 
combining these components, the luminance improvement ratio of the light guiding plate 1 can be enhanced. 
[0305] Next, the further improvement of such a light guiding plate 1 is described. 

[0306] If the light guiding plate 1 is used as a lighting device, uniform color distribution of light emitted from the light 
guiding plate is required. Since the polarization splitting means 10 is a grating structure, a rainbow may occur due to 
its spectral effect when white light is inputted. However, since a plurality of segments of light is inputted to one point 
of the polarization splitting means 1 0 from many directions, a plurality of segments of light emitted from the polarization 
splitting means 10 are mixed and no rainbow occurs. 

[0307] However, color is somewhat different depending on the position in the polarization splitting means 1 0. Such 
a color difference can be unified by appropriately selecting the polarization splitting characteristic of the polarization 
splitting means 10, that is, both polarization p transmissivity and polarization s refractive index, specifically, appropri- 
ately selecting the grating period, groove depth of grating, etc., of the polarization splitting means. 
[0308] In particular, luminance in a position near the light source 2 is different from that in a position far away from 
it the light source 2. Therefore, in the light guiding plate 1 used in a lighting device for liquid crystal display, attention 
is paid to the uniform color distribution in addition to the adoption of the structure described above. 
[0309] Next, this color distribution unifying technology is described. 

[0310] Firstly, in the light guiding plate 1 so far described, the polarization splitting means 10 has been a periodic 
structure whose grating period, groove depth of grating, etc., are uniform. However, in order to unify the color distribu- 
tion, the grating period, groove depth of grating, etc., must be changed depending on both the position and the polar- 
ization splitting characteristic of the polarization splitting means 10, specifically, the wavelength dependency of polar- 
ization p transmissivity and that of polarization s refractive index must be changed depending on its position. 
[0311] This point is described with reference to a drawing. Fig. 47 shows the polarization splitting means having a 
different grating period depending on its position. 

[0312] The optical density on the side near the light source 2 of the polarization splitting means 10 shown in Fig. 47 
is high, and the density decreases as a position gets away from the light source 2. Therefore, as to the polarization 
splitting characteristic of the polarization splitting means 10, the period and groove depth of the dielectric grating of 
the polarization splitting means 1 0 is selected in such a way that polarization p transmissivity is set low to T P1 and high 
to Tpg on the near side (left side of Fig. 48) and far side (right side of Fig. 48) of the light source, respectively, and that 
polarization s refractive index is set high to R S1 and low to R S2 on the near side (left side of Fig. 48) and far side (right 
side of Fig. 48) of the light source, respectively. 

[0313] Thus, if on the near side of the light source 2, two segments of light Pp^ and P S01 attempt to transmit the 
polarization splitting means 10, P P1 , being polarized light p, whose optical density is low, is transmitted and P S1 , being 
polarized light s, is reflected at high rate. On the far side of the light source 2, P P2 being polarized light p, whose optical 
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density is higher than that of ordinary light is transmitted, and P S2 being polarized light s is reflected at low rate. Thus, 
differences in optical density between far and near areas are corrected, and optical density can be unified between far 
and near sides. In other words, luminance distribution can be unified. By changing the period of the dielectric grating 
of the polarization splitting means 10 depending on a position thus, luminance factor can be unified. 
[0314] Sometimes luminance factors in the left and right end areas are different depending on the type of a light 
source. This point is described below with reference to a drawing. Fig. 48 shows a polarization splitting means in which 
the shape of a dielectric grating varies depending on a position. For the dielectric grating (in the fourth through eighth 
preferred embodiments)/metallic grating (in the ninth preferred embodiment) of the polarized splitting means 10 de- 
scribed above to realize a polarization splitting function, it is preferable to Input light orthogonally to the dielectric/ 
metallic grating. Therefore, usually it is preferable to use a bar light source (linear light source) 2 as shown in Fig. 48A. 
For example, the cold cathode tube light source described above corresponds to such a linear light source 2. However, 
as a monochrome light source, etc., a point light source 2, such as an LED, is sometimes used. In this case, light is 
not orthogonally inputted in the left and right end areas. Therefore, in this case, a polarization splitting function is not 
sometimes performed completely and luminance distribution may not be uniform. 

[0315] In that case, the dielectric/metallic grating is formed in a curved shape, as shown in Fig. 48B. Alternatively, 
the dielectric/metallic grating is formed in an approximate shape obtained by combining three straight lines orthogonal 
to input light, as shown in Fig. 48C. Since all segments of light and most segments of light enter orthogonally to the 
forming direction of a grating structure in the curved grating structure shown in 46A and in the approximate-shaped 
grating structure shown in Fig. 48B, respectively, luminance distribution can be unified between the left and right areas 
even if either bar or point light source 2 is adopted. 

[031 6] Next, the fact that devising the reflection means 30 can also unify luminance factors is described with reference 
to a drawing. Fig. 49 shows the reflection means whose printed pattern varies depending on its position. As has been 
conventionally known, a diffusive/reflective material shown in Fig. 49 (Fig. 45 is the squint view of Fig. 49) is printed 
in such a way that its density becomes high on the near side of the light source 2 and low on the far side. In this way, 
luminance distribution can also be unified. 

[0317] Alternatively, adopting a diffusive hologram as a reflection means can unify luminance distribution. Figs. 50 
and 51 show reflection means adopting a diffusive hologram whose reflection direction varies depending on its position. 
The diffusive hologram described above branches/polarizes input light in a plurality of directions with a different strength 
in each direction and at high efficiency. By adopting and designing this diffusive hologram in such a way that the 
refractive index in the upward reflecting direction shown in Fig. 50 is low and high on the near and far side of the light 
source, respectively, optical density can be unified, and accordingly luminance distribution can be unified. 
[0318] By multiply branching input light, a reflection type diffusive hologram can realize a light diffusion effect. A 
reflection type diffusive hologram can be conventionally obtained by plating. Alternatively, by adopting a light branching 
direction as the direction of a polarization splitting surface, the direction of light emitted from the polarization splitting 
surface can be converged into a prescribed range. 

[0319] The diffusive hologram can also be realized by the designing method of an optical branching filter known as 
Dammann method besides the methods described above. Alternatively, the diffusive hologram can realize a diffusion 
function by forming a volume hologram refractive index distribution. Alternatively, the diffusive hologram using speckle 
diffusion disclosed in Japanese Patent Laid-open Nos. 53-42726 "Finder of a Camera" or 53-51755 "Speckle Diffusion 
Plate Generating Device", can be used, 

[0320] In the light guiding plate used in a lighting device, such as a liquid crystal display device, a light emitting 
direction must be included in a prescribed angle range. Fig. 52 shows the emitting angle range of a light guiding plate 
for a lighting device. As shown in Fig. 52, emitting angle ranges in the x-and y-directions are different. 
[0321] Therefore, each emitting angle range must be set by the printed pattern method, preferably the method using 
a diffusive hologram, the designing method of an optical branching filter known as Dammann method, the method for 
realizing a diffusion function by forming a volume hologram refractive index distribution or the method using speckle 
diffusion disclosed in Japanese Patent Laid-open Mo. 53-42726 "Finder of a Camera" and 53-5 1 755 "Speckle Diffusion 
Plate Generating Device" which have been described earlier as a reflection means. 

[0322] Next, a liquid crystal display device using the light guiding plate 1 described above is described. Fig. 53 shows 
the rough structure of the liquid crystal display device. Fig. 54 is its AB cross section showing the relationship between 
a grating structure and light to be transmitted. 

[0323] As shown in Fig. 53, a liquid crystal display device 4 comprises a light source 2, a light guiding plate 1 and a 
liquid crystal panel 5. A structure where the light source 2 is disposed on the side of the light guiding plate 1 is called 
"edge light type". This light guiding plate 1 is almost wedge-shaped. The light source 2 and the light guiding plate 1 
constitute a lighting device 6. As shown in Figs. 53 and 54, this lighting device 6 supplies light (31c through 34c) to the 
nearly planar liquid crystal panel 5. The light guiding plate 1 incorporates the polarization splitting means 1 0, polarization 
converting means 20, reflection means 30 and light guiding means 40, which have been all described so far. 
[0324] The light guiding means 40, made of transparent resin, guides light 3a inputted from the light source 2, to the 
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liquid crystal panel 5. The light guiding means 40 embeds the polarization converting means, which is not shown in 
Fig. 53 for convenience sake. In this example, the polarization splitting means 10 is a metallic grating 131 (see Fig. 
35) that is made of metal and is formed on a surface that emits light for lighting (31c through 34c). The reflection means 
30 is made of metal. 

[0325] Next, the function of this liquid crystal display device is described. Light emitted from the light source 2 is 
inputted to the light guiding means 40. In Figs. 53 and 54, the light source 2 is, for example, a cold cathode tube light 
source. Light 3a emitted from this light source 2 (although in Figs 53 and 54, only light 3a emitted obliquely to the lower 
right is shown for convenience sake, in reality a plurality of segments of light is inputted to the light guiding means 40) 
is inputted to the light guidingmeans 40. The surface through which the light 3a from the light source 2 is inputted to 
the light guiding means 40 and surfaces except for that on the liquid crystal side 5 are provided with a reflection means 
30 (30a and 30b), being a reflection plate made of metallic film, and a reflection means 30 (30c and 30d), being a 
reflection plate made of the metallic film shown in Fig. 54. Since light is fully reflected on the inner surface of the liquid 
crystal panel 5 of the light guiding means 40 if an incidence angle is large, the light 3a inputted to the light guiding 
means 40 is repeatedly reflected in the light guiding means 40 to cause multi-reflection. For example, by providing a 
structure for diffusing or orienting input light on the inside/outside of the light guiding means 40 and the surface of the 
reflection means 30, as described earlier, light lighting the liquid crystal panel 5 can be uniformly distributed on a plane. 
[0326] Fig. 53 is described below with reference to Fig. 54. Light 3b (32b, 33b and 34b) inputted to a specific surface 
of the polarization splitting means 10 from the inside of the light guiding means 40 at an angle where light is not fully 
reflected, enters the grating 131. In the polarization splitting means 10, a grating structure is formed (in Fig. 54, it is 
formed expanding in the horizontal direction). Of light 3b (32b, 33b and 34b) inputted to the polarization splitting means 
10, polarized components (31c through 34c) perpendicular to the forming direction (horizontal direction) of the grating 
structure of the polarization splitting means 10 transmit the polarization splitting means 10. Polarized components in 
parallel to the forming direction of the grating structure of the polarization splitting means 1 0 are reflected. If the grating 
structure is a metallic grating made of aluminum, and its period p and groove depth of grating are approximately 200nm 
and between 1 0Onm and 200nm, respectively, the transmissivity of linear polarized light (31c through 34c) in the trans- 
mitting direction is between 80 and 85% in the visible wavelength range. 

[0327] Most of polarized components (32a, 33a and 34a) in the reflecting direction are reflected, and the reflected 
light (32a, 33a and 34a) repeats multi-reflection in the light guiding means 40 again. 

[0328] Thus, while the light (32a, 33a and 34a) reflected by the polarization splitting means 10 repeats reflection in 
the light guiding means 40, the polarization converting means 20 converts its polarization status (by double refraction) 
to generate a plurality of segments of light having a variety of polarization statuses (32b, 33b and 34b) . Then, the 
plurality of segments of light enter the polarization splitting means 10 again, and as described earlier, only polarized 
components (31c through 34c) orthogonal to the forming direction of the grating structure of the polarization splitting 
means 10 transmit the polarization splitting means 10. 

[0329] The process described above is repeated and the light 3a inputted to the light guiding plate from the light 
source 2 is emitted to the liquid crystal panel 5 from the light guiding plate 1 as polarized light p (31c through 34c) . 
The direction of the linear polarized light of the light (31c through 34c) described above is the same as that of polarized 
light that transmits a polarization plate 51 . Therefore, the light (31 c through 34c) can be inputted to a liquid crystal plate 
52 without being absorbed. 

[0330] While the light (32a through 34a), being a polarized component s reflected thus by the polarization splitting 
means 10, repeats reflection in the light guiding means 40, the polarization converting means 20, having double re- 
fraction, converts its polarization status to generate a plurality of segments of light 3b (32b through 34b) having a variety 
of polarization statuses (that is, having polarized components p/s, including a variety of polarization angles). Then, the 
light enters the polarization splitting means 10 again, and as described earlier, polarized components (31c through 
34c) orthogonal to the forming direction of the grating structure of the polarization splitting means 10 can transmit the 
polarization splitting means 10. 

[0331] As a result, since polarized components p (31c through 34c) can transmit the polarization splitting means 10 
and can light the liquid crystal panel 5, the light 3a inputted to the light guiding plate 1 from the light source 2 can be 
efficiently used. 

[0332] Alternatively, part of the reflection means (30a through 30d) can be a diffusive hologram consisting of minute 

convex/concave parts and can diffuse/reflect light emitted toward the polarization splitting means 10. 

[0333] Furthermore, alternatively, a reflection film made of compound the same as or different from that of grating 

structure on the front surface can be provided for the back surface of the light guiding means 30. 

[0334] The structure of such a liquid crystal display device is compared with that of the conventional one. 

[0335] The structure of the liquid crystal display device shown in Figs. 53 and 54 differs from that of the conventional 

liquid crystal display device shown in Fig. 65 in that it adopts a light guiding plate 1 with a polarization splitting means 

10 for functioning on the principle described above, provided on the liquid crystal panel 5 side surface of a light guiding 

means 40 and that it adopts a polarization converting means 20 forproviding double-refraction phase difference that 
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meets the prescribed conditions 1 , 2 and 3. The structure of the liquid crystal panel 5 is the same as that shown in Fig. 
65. Therefore, polarized components p can be efficiently extracted and many of polarized components p that a liquid 
crystal panel requires are inputted. Accordingly, the front surface of the liquid crystal display device 4 is very bright. 
[0336] This liquid crystal display device has an advantage of fewer components. Fig. 55 compares this liquid crystal 
display device with the conventional one. The conventional liquid crystal display device shown in Fig. 55A requires a 
variety of components (a reflection plate, a light guiding plate, adiffusionplate, two prism sheets, a protection film and 
a liquid crystal panel), while the liquid crystal display device of the present invention has fewer components, which is 
an advantage. 

[0337] Since light (31 c through 34c) can be efficiently inputted to a liquid crystal plate 52 compared with the conven- 
tional lighting device 6, power consumption can be reduced by reducing the luminance of the emitting device of a light 
source, such as a cold cathode tube, etc. As a result, either the life of the light source 2 can be extended or the number 
of emitting devices can be reduced. 

[0338] The light guiding plate 1 used in the liquid crystal display device 4 can be structured as shown in Fig. 1 . This 
liquid crystal display device is described below with reference to Fig. 56. 

[0339] In this preferred embodiment, the comprehensive structure of a liquid crystal display device is basically the 
same as the liquid crystal display device 4 shown in Fig. 53. Inparticular, a grating structure using simple dielectric 
gratings or those coated with a multi-layer film is adopted as a polarization splitting means 10, and a printed pattern 
or a diffusive hologram is adopted as a reflection means 30. Although the reflection means 30 is not wedge-shaped, 
it can be set in such a way as to diffuse/reflect light in the prescribed direction, using the printed pattern or the diffusive 
hologram. Therefore, the same effect as that of a wedge-shaped light guiding plate can be obtained. Since the other 
points are the same as those of the liquid crystal display device 4 shown in Fig. 53, their descriptions are omitted. 
[0340] Thus, polarized components of light orthogonal to this dielectric grating (polarized components p) transmit 
through a grating structure disposed on the output side of the light guiding means 40 and light the liquid crystal panel 
5. The polarized components of light in parallel to the grating (polarized components s) are reflected by this grating 
structure, are returned to inside the light guiding means 40 and are multiply reflected between the reflection plate of 
the light guiding means 40 and the grating structure. The polarization status of the light reflected by the grating structure 
thus is converted while being reflected in the light guiding means 40 and a plurality of segments of light each with a 
different polarization status is obtained. The plurality of segments of light enters the grating structure again, and as 
described above, the polarized components orthogonal to the grating structure (polarized components p) can be trans- 
mitted. 

[0341] As a result, polarized components orthogonal to the grating structure (polarized components p) can transmit 
through this grating structure and can light a target to be lit, and accordingly, light inputted to a light guiding means 
from a light source can be efficiently used. 

(Other preferred embodiments) 

[0342] Figs. 57 through 60 show the rough structures of other preferred embodiments of the present invention. These 
are sequentially described below. However, the present invention is also applicable to a variety of liquid crystal display 
devices, etc., other than those shown in Figs. 57 through 60. 

[0343] Firstly, Fig. 57 shows the case where the present invention is applied to a directly-under lighting type liquid 
crystal display. Light emitted from the light source 2, such as a fluorescent tube, etc., passes through a light guiding 
means 450 (concept including all the light guiding plates 1 in the preferred embodiments described above; this is also 
used in the following preferred embodiments) and reaches a grating portion (concept including all the grating structures 
in the preferred embodiments described above; this is also used in the following preferred embodiments). 
[0344] Polarized light is divided into two polarized components on a grating surface, and one polarized component 
transmits through the grating and lights the liquid crystal panel 5. The other polarized component is reflected on the 
grating and passes through the light guiding means 450. This polarized component is reflected in a light source unit 
200 and passes through the light guiding means 450 again. In this case, its polarization status is converted and the 
converted polarized component lights the liquid crystal panel 5. 

[0345] Fig. 58 shows the case where the present invention is applied to a liquid display device that collects natural 
light from a liquid crystal surface. Light inputted through a light collection unit 250 reaches a grating portion 600 through 
the light guiding means 450. Polarized light is divided into two polarized components on the grating surface of the 
grating portion 600, and one polarized component transmits the grating and lights the liquid crystal panel 5. The other 
polarized component is reflected on the grating and passes through the light guiding means 450. This polarized com- 
ponent is reflected in a light source unit 200 and passes through the light guiding means 450 again. In this case, its 
polarization status is converted and the converted polarized component lights the liquid crystal panel 5. 
[0346] Fig. 59 shows the case where the present invention is applied to a front light type liquid crystal display device. 
Light emitted from the light source 2 is inputted to and reflected on the top surface of the light guiding means 450 and 
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is inputted to the grating portion 600. Polarized light is divided into two polarized components on the grating surface 
of the grating portion 600. One polarized component transmits through the grating and lights the liquid crystal panel 
5. The other polarized component is reflected on the grating and is returned to the light guiding means 450. This 
polarized component is repeatedly reflected in the light guiding means 450. Then, its polarization status is converted. 
The converted polarized component enters the grating again and lights the liquid crystal panel 5. Light going upward 
through the liquid crystal panel 5 transmits through the grating, enters the light guiding means 450 at a small incidence 
angle and passes through It. Reference number 30e represents a reflection mirror. 

[0347] Fig. 60 shows the case where a liquid crystal/color filter layer 5A is inserted between a liquid crystal substrate 
55 made of glass or resin and the light guiding means 450. In this case, a thin liquid crystal display device can be 
obtained. 

[0348] The operation of each of the preferred embodiments shown in Figs. 57 through 60 is basically the same as 
those of the preferred embodiments described above. 

[0349] For the light source 2, a monochrome or white point-shape light source, such as an LED light source, can 
also be used, which is not particularly mentioned in each preferred embodiment of the present invention described 
above. 

[0350] Next, examples of actual devices are described below. Firstly, example 1 is described. Example 1 is an actually 
manufactured polarization splitting means 10. 

[0351] Fig. 61 shows the cross section of its dielectric grating (SEM picture). Polycarbonate is molded into a light 
guiding means, and a dielectric grating is copied on its surface. The grating period and groove depth of grating are 
0.6u,m and 0.32u,m, respectively. Fig. 62 shows the polarization splitting characteristic of the dielectric grating. Dotted 
/solid lines indicate computer simulation, and A/x marks indicate their actual measurement values. Forthe light source, 
a single wavelength LED light source emitting light with emission wavelengths of 550nm/600nm/630nm is used. The 
cross-section double refractive index distribution of the light guiding plate 1 meets condition 2. This corresponds to 
example 1 shown in Fig. 46. 

[0352] A luminance improvement ratio is measured using a light guiding plate 1 with such a structure as a text device. 
Fig. 63 shows the configuration of the test device for measuring a luminance improvement ratio. As shown in Fig. 63, 
a polarization splitting means 10, a reflection means 30 and a polarization converting means are formed on the front 
and back surfaces, and in the inside, respectively, of the light guiding plate 1 . Light from the light source 2 (LED light 
source) is applied to both side surfaces of the light guiding plate 1 . 

[0353] The luminance of the light emitted from this light guiding plate 1 is improved 20% compared with that of the 
conventional PMMA resin light guiding plate in the same shape without a polarization splitting surface, and the evalu- 
ation indicates a practical use level (indicated by double-circle marks). 

[0354] Next, example 2, which is another example of an actual device is described. Example 2 is another polarization 
splitting means. 

[0355] Fig. 64 shows the cross section of a dielectric grating having a three-layer film (SEM picture). A polycarbonate 
dielectric grating whose period is 0.6u.m is formed as a light guiding means, and a three-layer film made of Ti0 2 , Si0 2 
and Ti0 2 is formed into a grating structure by evaporation using Si0 2 as a binder. For the light source, a white light 
source is used. The cross-section double-refractive index distribution meets condition 3. This corresponds to example 
2 shown in Fig. 46. 

[0356] A luminance improvement ratio was measured using a light guiding plate 1 with such a structure as a test 
device. The test device is shown in Fig. 63. Apolarization splitting means 10, a reflection means 30 and a polarization 
converting means are formed on the front and back surfaces, and in the inside, respectively, of the light guiding plate 
1 . Light from the white light source 2 (LED light source) is applied to both side surfaces of the light guiding plate 1 . The 
luminance of the light emitted from this light guiding plate 1 is improved 60% compared with that of the conventional 
PMMA resin light guiding plate in the same shape, without a polarization splitting surface, and the evaluation indicates 
a practical use level (indicated by double-circle marks). 

[0357] As described above, in the present invention, by returning polarized components that are prevented from 
transmitting a polarization plate, such as a liquid crystal panel, etc. (polarized component s) to inside a light guiding 
means by a polarization splitting means, being a grating structure formed on the surface of the light guiding means, 
and by inputting the polarized components to the polarization splitting means again by a reflection means, being a 
reflection plate, while converting its linear polarization direction by a polarization converting means, polarized compo- 
nents that can be inputted to a liquid crystal panel, can be extracted. Therefore, the polarized component of light 
(polarized components s) that conventionally cannot be effectively used can be converted into and used as the polarized 
component of light p. Thus, a light guiding plate in which the number of components, such as, emitting devices, etc., 
is reduced and whose power consumption is reduced, and a liquid crystal display device with such a light guiding plate 
can be realized. 
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Claims 

1 . A light guiding plate, comprising: 

polarization splitting means for splitting input light into light to be transmitted and light to be reflected, based 
on its polarization direction; 
reflection means for reflecting light; 

polarization converting means for providing light to be transmitted with a phase difference in such a way as 
to meet a condition of (SO^e^lSO 0 , n: integer); and 

light guiding means for holding the polarization converting means between the polarization splitting means 
and the reflection means and incorporating these means . 

2. The light guiding plate according to claim 1 , which provides light to be transmitted with a phase difference in such 
a way as to meet the condition of G 2 +n.180° (45°^0 2 <135° l n: integer) preferably, in 80% or more of an area of 
said polarization converting means. 

3. The light guiding plate according to claim 2, which provides light to be transmitted with a phase difference in such 
a way as to meet the condition of e 3 +n180° (60°ZQ 3 ^20 o , n: integer) more preferably, in 60% or more of an area 
of said polarization converting means. 

4. The light guiding plate according to one of claims 1 through 3, wherein 

said polarization splitting means is a grating structure composed of dielectric gratings formed by periodically 
repeating a transparent dielectric material. 

5. The light guiding plate according to claim 4, wherein a cross section of the dielectric grating of the grating structure 
is formed by periodically repeating either a convex part whose cross section Is a rectangle, a trapezoid, a triangle, 
a sine wave or a combination of a plurality of such convex parts. 

6. The light guiding plate according to claim 5, wherein 

the dielectric grating of the grating structure is formed by periodically repeating a convex part of a rectangle, 
a trapezoid, a triangle or a sine wave. Grating period and groove depth of grating are between 0.3 and 0.8fim, and 
between 0.2 and 0.5u/n, respectively. 

7. The light guiding plate according to claim 6, wherein 

the convex part of the dielectric grating of the grating structure is composed of a plurality of shapes formed 
by combining a basic shape with a minute shape. 

8. The light guiding plate according to one of claims 1 through 3, wherein said polarization splitting means is a grating 
structure formed by adding either a single surface layer made of a substance having a prescribed refractive index 
or a plurality of surface layers formed by piling substances each with a different refractive index between adjacent 
layers to the surface of a dielectric grating formed by periodically repeating a transparent dielectric material. 

9. The light guiding plate according to claim 8, wherein 

a cross section of the dielectric grating of the grating structure is formed by periodically repeating either a 
convex part whose cross section is a rectangle, a trapezoid, a triangle, a sine wave or a combination of a plurality 
of such convex parts. 

10. The light guiding plate according to claim 9, wherein 

the period and groove depth of the dielectric grating of the grating structure are between 0.3pjTi and 0.8jxm 
and between 0.2p.m and 0.5nm, respectively, and 

a layer on the surface of the grating structure is formedby alternately piling a layer of titanium dioxide (Ti0 2 ) 
or tantalum pentaoxide (Ta 2 0 5 ), 50nm through 150nm thick and a layer of silicon dioxide (Si0 2 ) 70nm through 
200nm thick. 

11. The light guiding plate according to claim 10, wherein the grating structure comprises a silicon monoxide (SiO) 
layer, Onm through 100nm thick, between the dielectric grating and the surface layer. 

12. The light guiding plate according to claim 11, wherein 
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the convex part of the dielectric grating of the grating structure is composed of a plurality of shapes formed 
by combining a basic shape with a minute shape. 

13. The light guiding plate according to one of claims 8 through 12, wherein 

the grating structure comprises on a surface of the dielectric grating 

a layer formed by piling a substance diluted by a solvent and repeating^ process of eliminating the solvent 
one or more times by a spin coating method or a roll coating method or a layer formed by piling a single layer of 
a substance or a plurality of layers each having a different refractive index between adjacent layers. 

14. The light guiding plate according to one of claims 1 through 3, wherein said polarization splitting means is a grating 
structure formed by adding a single surface layer of a substance having a prescribed refractive index or a plurality 
of surface layers formed by piling substances each having a different refractive index between adjacent layers, on 
a concave part of a dielectric grating formed by periodically piling a transparent dielectric material. 

15. The light guiding plate according to claim 14, wherein 

a cross section of the dielectric grating of the grating structure is formed by periodically repeating either a 
convex part whose cross section is a rectangle, a trapezoid, a triangle, a sine wave or a combination of a plurality 
of such convex parts. 

16. The light guiding plate according to claim 15, wherein 

the period and groove depth of the dielectric grating of the grating structure are between 0.3ujti and 0.8u,m 
and between 0.2|xm and 0.5^.m, respectively, and 

a layer on the surface of the concave part of the grating structure is formed by alternately piling a layer of 
titanium dioxide (Ti0 2 ) or tantalum pentaoxide (Ta 2 O s ), 50nm through 150nm thick and a layer of silicon dioxide 
(Si0 2 ) 70nm through 200nm thick. 

17. The light guiding plate according to claim 16, wherein the grating structure comprises a silicon monoxide (SiO) 
Onm through 100nm thick between the dielectric grating and the surface layer. 

18. The light guiding plate according to claim 17, wherein 

the convex part of the dielectric grating of the grating structure is composed of a plurality of shapes formed 
by combining a basic shape with a minute shape. 

19. The light guiding plate according to one of claims 14 through 18, wherein 

the grating structure comprises on a surface of the dielectric grating 

a surface layer formed by piling a single substance or a plurality of substances each having a different re- 
fractive index between adjacent layers, on the concave part diluted by a solvent, eliminating the solvent and further 
repeating a process of eliminating only the substance on the top in a convex part of the dielectric grating one or 
more times, by a spin coating method or a roll coating method or 

a surface layer formed on the concave part by piling a single substance or aplurality of substances each 
having a different refractive index between adjacent layers and repeating a process of eliminating the substance 
on the top in the convex part one or more times, by an evaporation method, a sputtering method or an ion plating 
method. 

20. The light guiding plate according to one of claims 1 through 3, wherein 

said polarization splitting means is a grating structure composed of gratings formed by periodically repeating 
the convex part formed by piling substances each having a different refractive index between adjacent layers. 

21 . The light guiding plate according to claim 20, wherein a cross section of the dielectric grating of the grating structure 
is formed by periodically repeating either a convex part whose cross section is a rectangle, a trapezoid, a triangle, 
a sine wave or a combination of a plurality of such convex parts. 

22. The light guiding plate according to claim 21 , wherein 

the grating structure is a grating formed by applying an emboss process to 

a film formed by piling substances each having a different refractive index between adjacent layers, dilutedby 
a solvent and repeating aprocess of eliminating the solvent one or more times, by a spin coating method or a roll 
coating method, or 

a film formed by piling substances each having a different refractive index between adjacent layers, by an 
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evaporation method, a sputtering method or an ion plating method. 

23. The light guiding plate according to one of claims 1 through 3, wherein 

said polarization splitting means is a grating structure composed of metallic gratings formed by periodically 
piling a metallic material, on the surface of a dielectric grating formed by periodically piling a transparent dielectric 
material. 

24. The light guiding plate according to claim 23, wherein 

the metallic grating of the grating structure is made of a metallic thin film whose refractive index is 60% or 

more. 

25. The light guiding plate according to claim 24, wherein 

the metallic thin film of the metallic grating is a single compound of Mg ( Se, Y, Ti, Cr, Mo, W, Mn, Fe, Co, Ni, 
Ru, Pt, Cu, Ag, Au, Zn, Al, In, Si, Ge, Te, Pb and Sn or an alloy of two or more of such elements. 

26. The light guiding plate according to one of claims 23 through 25, wherein 

a cross section of the dielectric grating of the grating structure is formed by periodically repeating either a 
convex part whose cross section is a rectangle, a trapezoid, a triangle, a sine wave or a combination of a plurality 
of such convex parts. 

27. The light guiding plate according to claim 26, wherein 

the dielectric grating of the grating structure is formed by periodically repeating a convex part whose cross 
section is a rectangle, a trapezoid, a triangle and a sine wave, and its period and groove depth are between 0ujti 
and 0.4ujti and between 0>m and 0.2u,m, respectively. 

28. The light guiding plate according to claim 27, wherein 

the convex part of the dielectric grating of the grating structure is composed of a plurality of shapes formed 
by combining a basic shape with a plurality of minute shapes. 

29. The light guiding plate according to one of claims 1 through 3, wherein 

said polarization splitting means is a grating structure provided a light guiding means, and a transparent 
substrate or a transparent film with a metallic grating formed by periodically repeating a metallic material. 

30. The light guiding plate according to claim 23, wherein 

the metallic grating of the grating structure is made of a metallic thin film whose refractive index is 60% or 

more. 

31. The light guiding plate according to claim 24, wherein 

the metallic thin film of the metallic grating is a single compound of Mg, Se t Y, Ti, Cr, Mo, W, Mn, Fe, Co, Ni, 
Ru, Pt, Cu, Ag, Au, Zn, Al, In, Si, Ge, Te, Pb and Sn or an alloy of two or more of such elements. 

32. The light guiding plate according to claim 30 or 31 , wherein 

thickness of the metallic thin film, period T and width are 0.05n.m or more, between 0.05nm and 0.25fim and 
in a range of 0.25T through 0.85T, respectively. 

33. The light guiding plate according to one of claims 29 through 32, wherein 

a foundation layer is formed between the light guiding means, a transparent substrate or the transparent 
film, and the metallic grating, and 

a protection film is formed on the surfaces of both the metallic grating and the foundation layer. 

34. The light guiding plate according to one of claims 29 through 33, wherein 

the metallic grating is formed on the surface of the light guiding means, the transparent substrate, the trans- 
parent film or the foundation layer through a mask having a striped grating pattern, by an evaporation method, a 
sputtering method, an ion plating method or a dry edging method. 

35. The light guiding plate according to one of claims 29 through 34 that has a grating structure in which a metallic 
grating made of a metallic thin film, is formed on the front side of a transparent film, wherein 

said grating structure is formed by forming a metallic grating on the transparent film, forming the metallic 
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grating into a minute pattern by expanding the transparent film in a direction of stripes and pasting the pattern on 
the light guiding means or the transparent substrate together with the transparent film. 

36. The light guiding plate according to one of claims 1 through 35, wherein 

said light guiding means is made of resin and said polarization converting means is double-refraction distri- 
bution. 

37. The light guiding plate according to claim 36, wherein 

the material of said light guiding means is acrylic resin, polycarbonate resin, acrylonitrile/styrene resin, epoxy 
resin or olefin resin. 

38. The light guiding plate according to claim 36 or 37, wherein 

internal double refraction is formed by an anisotropic skin layer 

39. The light guiding plate according to one of claims 36 through 38, wherein 

said light guiding means made of resin has large orientation. 

40. The light guiding plate according to one of claims 36 through 39, wherein 

a resin that forms the light guiding means contains a prescribed amount of resin polymer having anisotropy 
different from that of the main material. 

41. The light guiding plate according to claim 40, wherein 

the resin polymer different from that of the main material is styrene beads or liquid crystal polymer. 

42. The light guiding plate according to one of claims 1 through 41 , wherein 

said reflection means is provided for the entire surface or part of a surface of said light guiding means other 
than a surface through which light is inputted and a surface on which a polarization splitting means is formed. 

43. The light guiding plate according to one of claims 1 through 42, wherein 

part of said reflection means or said entire reflection means is a diffusive hologram composed of minute 
convex/concave parts, a volume-diffusive hologram or a speckle diffusive surface, and diffuses/reflects light toward 
said polarization splitting means. 

44. The light guiding plate according to claim 43, wherein 

a metallic reflection film is formed on the diffusive hologram, volume-diffusive hologram, or speckle diffusive 
surface of said reflection means. 

45. The light guiding plate according to claims 43 or 44, wherein 

one diffusive hologram of said reflection means branches one segment of input light into a plurality of seg- 
ments of output light, and has phase difference distribution P(x) expressed as follows, assuming that phase dif- 
ference distribution that converts input light having phase difference distribution P^x) into the i-th output light, is 
P,(x). 



K 

P(x) = mod[£ Qj (x) ■ mod [p. (x) - p t (x) + Cj , /r] + mod[/> (*) + Cl , x], mn] 

(7) 



( in the above equation, x, n, m, k, aj, Cj and mod [A, B] are a vector indicating a position in a diffusive hologram, 
a circle ratio, a natural number, an integer of 2 or more, a function that meets 0<aj<1 , a constant and a function 
to indicate the remainder obtained when dividing A by 8, respectively). 

46. The light guiding plate according to claim 45, wherein 

a surface shape D' (x) is expressed as follows in such a way that phase difference distribution of a diffusive 
hologram of said reflection means may become P(x) 
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D' (x) = -(1/2n 8 MX/n).P(x) (8) 

(in the above equation, n 8 and X indicate a refractive index of a medium around a diffusive hologram and a wave- 
length, respectively). 

47. The light guiding plate according to one of claims 1 through 42, wherein 

said reflection means is made of metal. 

48. The light guiding plate according to claim 47, wherein 

the metal is a single compound of Mg, Se, Y, Ti, Cr, Mo, W, Mn, Fe, Co, Ni, Ru, Pt, Cu, Ag, Au, Zn, AJ, In, 
Si, Ge, Te, Pb and Sn or an alloy of two or more of such elements. 

49. The light guiding plate according to one of claims 1 through 42, wherein 

said reflection means is made of a multi-layer dielectric film. 

50. The light guiding plate according to claim 49, wherein 

a metallic reflection film is formed on the multi-layer dielectric film. 

51. The light guiding plate according to one of claims 1 through 42, wherein 

said reflection means is a pattern formed by printing. 

52. The light guiding plate according to one of claims 1 through 42, wherein 

said reflection means is a scattering surface. 

53. The light guiding plate according to one of claims 1 through 52, wherein 

the transmissivity of said polarization splitting means increases as its position gets away from said light 
source. 

54. The light guiding plate according to one of claims 1 through 53, wherein 

the grating structure is formed in such a way that said polarization splitting means may become almost 
orthogonal to light inputted from said light source. 

55. The light guiding plate according to one of claims 1 through 54, wherein 

the refractive index of said polarization splitting means increases as its position gets away from said light 
source. 

56. A Liquid crystal display device, comprising: 

a light source; 

a light guiding plate according to one of claims 1 through 55 which transmits one polarized component of two 
polarized components of light emitted from the light source, which are orthogonal to each other; and 
a liquid crystal panel that polarized light emitted from the light guiding plate illuminates. 

57. The liquid crystal display device according to claim 56, wherein 

said liquid crystal panel comprises 

a liquid crystal plate; and 

a pair of polarization plates each of which is disposed on the front or back surfaces of this liquid crystal plate, and 

said polarization means and polarization plate are disposed in such a way that polarization direction of po- 
larized light that transmits through said polarization converting means and the polarization direction of polarized 
light transmits the polarization plate located between said liquid crystal panel and the light guiding plate may be- 
come orthogonal. 
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